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Summary

SRS High Level Waste (HLW) wishes to use Tank 37H as the receipt tank for the 3H Evaporator
concentrate. Prior to using Tank 37H as the 3H Evaporator concentrate receipt tank, HLW must
remove 50 inches of salt cake from the tank. They requested SRTC to evaluate various salt
removal methods for Tank 37H. These methods include slurry pumps, Flygt mixers, the
modified density gradient (MDG) method, and molecular diffusion. The authors reviewed
previous test and operating data as well as the technical literature to estimate the salt removal
rate by each method. They considered 16 different combinations of agitation and inhibited water
temperature, and calculated the dissolution time by each method. The results are shown below.
They are based on the assumption of constant inhibited water temperature inside the tank during
dissolution. frr reality, the temperature of the supemate and salt cake will change during the
process. The table shows the range of dissolution rates calculated, the dissolution rate used in
the calculations, dissolution time, fraction of process time for dissolution, and total process time.

DissolutionMethod
1. No Agitation (25°C)
2. MDG (25°C)
3. MDG(50”C)
4. MDG(75”C)
5. One Flygt M~xer(25°C)
6. Two Flygt Mixers (25°C)
7. One Flygt Mixer (50°C)
8. One Slumy P.mp(25°C)
9. Three Flygt Mixers (25°C)
10. One Flygtmixer(75°C)
Il. Two Ftygt Mixers (50°C)
12. One Slurry Pump(50°C)
13. Three Flygt Mixers (50”C)
14. TwOFlygt Mixers (75°C)
15. One Slurry P.mp(75”C)
16. Three Ftygt Mixers (75°C)

Dissolution
Rate (gpm)
1.18-2.47
1.25-5.84
1.78-8.32

2,33-10.80
2.0- 4.0
2.8- 5.7
2.8- 5.8
3.0- 7.0
3.5- 6.9
3.7- 7.4
4.0- 8.0
4.3- 9.9
4.9- 9.8

5.3- 10.5
5.6- 13.0
6.4- 12.9

Dis. Rate
used (gpm)

1.83
3.55
5.05
6.56
3.0
4,2
4.3
5.0
5.2
5.6
6.1
7. I
7.4
8.6
9.3

10.6

The conclusions from this work are the following:
●

●

●

●

Dissolution
Time (days)

117
74
60
53
82
67
66
61
59
57
55
51
50
47
46
43

DissolutionTime
(% of Total)

54
46
41
37
46
41
40
38
38
37
36
34
34
33
32
31

Total Process
Time (months)

7.0
5.3
4.9
4.6
5.9
5.4
5.4
5.2
5.1
5.1
5.0
4,9
4,8
4.7
4.7
4.6

A single Flygt mixer with tank supemate temperature of 25° C should be sufficient to
dissolve arrdremove 50inches ofsaftcake within six months. frrcreasing thesupemate
temperature or adding add~tional Flygt mixers will decrease the time to dissolve the salt cake.

A single slurry pump with tank supemate temperature of 25° C also should be sufficient to
dissolve mdremove 50inches ofsaltc&e within six months. hcreasing supematetemp-
erature or adding additional slurry pumps will decrease the time to dissolve the salt cake.

Calculations predict that the modified density gradient method should be able to remove 50
inches ofsaltcake within six months, butunceflainty exists inpredicting dissolution rates by
this method (predicted dissolution rates varied between 1.25 gpm and 5.84 gpm at 25° C),
HLW should exercise caution when making decisions using calculated dissolution rates for

this method.

Molecular diffusion is unlikely to remove 50 inches of salt cake in six months,

3
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● If the inhibited water temperature is 25° C, the actual tank supemate temperature will be
higher and the salt dissolution rate faster than predicted by this analysis.

● If the inhibited water temperature is 50 or 75° C, tank cooling will reduce the tank supemate

temperature to 30 – 40° C, which increases the dissolution time and minimizes the benefit of
adding heated water to the tank, Including this effect, the dissolution rate with one Flygt
mixer is 3.15 gpm (rather than 4,3) for case 7 and 3.35 gpm (rather than 5.6) for case 10.

Background

Tank 30H is the receipt tank for concentrate from the 3H Evaporator. Tank 30H has had
problems, such as cooling coiI failure, which limit its ability to receive concentrate from the 3H
Evaporator. SRS High Level Waste (HLW) wishes to use Tank 37H as the receipt tank for the
3H Evaporator concentrate. Prior to using Tank 37H as the 3H Evaporator concentrate receipt
tank, HLW must remove 50 inches of salt cake from the tank. They requested SRTC to evaluate
various saft removal methods for Tank 37H, These methods include slurry pumps, Flygt mixers,
the modified density gradient method, and molecular diffusion.

Approach

Four approaches were evaluated for removing salt cake from Tank 37H:

● Slurry pump agitation

● Ffygt mixer agitation
● Modified density gradient
● Molecular diffusion

The authors reviewed previous test and operating data as well as the technical literature to
estimate the salt removal rate by each method.

Slurry Pump Agitation

SRS performed a salt removal demonstration in Tank 19F in 1980 and 1981 using long shaft
verticaf centrifugal pumps (i.e., slurry pumps). 1 During the first dissolution batch, 172,000
gallons of salt cake was dissolved with 236,000 gallons of inhibited water in 350 hours using a
single slurry pump (8.2 gpm salt cake dissolution rate). During the dissolution, the supemate
temperature was approximate] y 33” C. In another salt removal application, SRTC examined the
effect of temperature on salt cake dissolution rate and estimated it to be approximately 1.7%/”C
(using 200,000 gallons of dissolution water).2 Correcting for temperature, the estimated
dissolution rate at 25° C is 7.1 gpm. During the second dissolution batch, 28 1,~ gallons of
salt cake was dissolved with 442,M0 gallons of inhibited water in 930 hours using a single slurry
pump (5.0 gpm salt cake dissolution rate). The supemate temperature during batch 2 was 45° C.
Comecting for temperature, the estimated dissolution rate at 25° C is 3.3 gpm. Using this data,

the estimated salt cake dissolution rate with a single slurry pump at 25° C is 3 – 7 gpm.

Tank 19F has no center column or cooling coils, Since Tank 37H has a center column and
cooling coils, the actual dissolution rate will be less than in Tank 19F under the same conditions.
Additionally, the volume of dissolution water in Tank 19F was greater than the volume of

4
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rllssolution water to be used in Tank 37H. Previous work showed increasing the dissolution
water volume decreased the dissolution ratez, so the smaller volume in Tank 37H would irscrease
the dissolution rate over that observed in Tank 19F under the same conditions. These differences
would affect the dissolution rate, but they are in opposite directions and should not change it
dramatically.

The supemate density at the start of the Tank 19F salt dissolution demonstration was greater than
1.0. The reason is salt cake dissolution occurred prior to starting the slurry pumps. This
dissolution was subtracted to calculate the overall dissolution rate in Tank 19F. Some
dissolution will occur prior to starting mixing in Tank 37H, but the amount cannot be quantified.

A salt cake dissolution rate of 3 – 7 gpm at 25° C is probably a good estimate for a single

standard slurry pump. The authors chose a dissolution rate of 5 gpm at 25° C for this analysis.

F~gt Mixer Agitation

No salt removal testing or demonstrations have been performed at SRS to date with Flygt mixers.
Salt dissolution rates with Flygt mixer agitation can be predicted from salt dissolution data in
slurry pump agitated tanks. Previous SRTC work on salt dissolution assumed the process to be
mass transfer limited and the mass transfer coefficient to be described by equation [1]

rK = ~Sc-0”7 = UjDjSc-0’7
P

[1]

where K is the mass transfer coefficient, ~Wis the shear stress at the saft cake surface, Sc is the
Schmidt number, Uj is the jet dischwge velocity, and Dj is the jet nozzle d~ameter~3 Since the
Ffygt mixer will behave as a turbulent jet, salt dissolution rates with Flygt mixers and slurry
pumps can be compared by calculating the UjDj for each device.

A standard slurry pump has a flow rate of 600 gpm/nozzle, a nozzle diameter of 1.5 inches, and a
nozzle velocity of 109 ftis. The UjDj is 13.6 ft2/s. Since the slurry pump has two opposing
nozzles, the total UjDj is 27.2 ft2/s.

A model # 4650 F’lygt mixer has a flow rate of 10,700 gpm, a nozzle diameter of 22 inches, and a
nozzle discharge velocity of 9 ft/s. The UjDj is 16.5 ft2/s. The Ffygt mixer has a single discharge.
The saft dissolution rate using Flygt mixers can be estimated from equation [2]

R“Yg,= RP.~P (16.5/27.2) = 0.6 RPumP [2]

Using this approach, the estimated dissolution rate with a single Flygt mixer at250 C is 2 – 4
gpm. The effect of the center column and smaller dissolution water volume would be similar to
their effects with the slurry pump. Modeling the Flygt mixer as a turbulent jet is a good

assumption. A salt cake dissolution rate of 2 – 4 gpm at 25° C is probably a good estimate for a
single Flygt mixer. The authors chose a dissolution rate of 3 gpm at 25° C for this analysis.
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Multiple Mtiers

Using multiple Flygt mixers or slurry pumps will increase the dissolution rate. Two mixers will
dissolve the salt cake faster than one mixer, but not necessarilyy twice as fast, Kdh et. al, investi-
gated the impact of the number of jets on jet mixing time.4 They found the mixing time to be
inversely proportional to the square root of the number of jets, Using that work, one assumes the
salt cake dissolution rate is proportional to the square root of the number of mixers or pumps.

Modified Density Gradient

Another method for dissolving salt cake is the modified density gradient method. In this method,
inhibited water is added to one side of a waste tank at the same time, or sometimes before, the
concentrated supemate is removed from the other side of the tank with a transfer jet that is mined
into the saft cake. The current plan in Tank 37 is to have a mined well depth of 155 inches from
the tank bottom.

In 1979, SRS used a density gradient method to remove the salt from Tank 10 with a transfer jet
that was mined into the saft to a depth of 36 inches from the tank bottom.s’9’ 10,11,12

SRTC investigated density driven saft dissolution techniques in 1996. They found the method
could be applied to SRS waste tanks, but the key step to perfo~rrg this technique was to
“maintain the solution level just above the top of the saftcake”.6 This report includes a
laboratory test result of a modified density gradient (MDG) method using 3“ wide x 36” long x
15” high glass trough. The salt solution removal rate of MDG trough was 10 ml/min.6 If one
assumes the dissolution rate does not change during scale up, the corresponding salt dissolution

rate of Type ffIa Tank 37H is described by equation [3]

Dissolution Rate = (10 ml/min) (Tank 37H surface area)/ (Trough surface area)/ (2.4+1)
= (10 flmiti 3786 m~gal) (523.85 mz) / (0.0697 m2) / 3.4
= 5.84 gpm [3]

SRTC investi ated density gradient methods at the bench-scafe in 1979. They found dissolution
irate to be 1/4 the rate measured with mechanical a itation.7,8

E
Assuming salt dissolution rate

with the density gradient method at full-scale is 1/4 the slurry pump rate (or 5 gpm average)
dividing by 4, one calculates a dissolution rate of 1.25 gpm for Tank 37H.

The references also show a laboratory test result of a density driven method using a 31 cm jar.7s
The salt cake dissolution rate of the jar is 11 ml/min. Assuming no change in the dissolution rate
during scale up, the calculated salt dissolution rate of Tank 37H is calculated to be 6.13 gpm in
equation [4].

Dissolution Rate = (11 ml/min) (Tank 37H surface area)/ (Jar surface area)/ (2.4+1)
= (11 mUmin/ 3786 m~gal) (523.85 mz) / (0.073 1 mz) / 3.4
=6.13gpm [4]

6
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SRS performed a demonstration of the modified density gradient dissolution method in Tank 10
in 1979. 8’9’10’1“12 Tank 10 is a Type I tank. It is 75 ft in diameter, 24.5 ft high, and has a capacity
of 750,W0 gallons. The tank contained a large salt mound (17 feet high) in one half of the tank.
The other half also contained salt, but not at a uniform level, ,4 leveI of 17 feet corresponds to

5@,000 gallons. Since one half of the tank did not contain 17 feet of salt, the actual amount of
salt cake in the tank was probably less than 500,000 gallons.

Supemate was observed between salt mounds in the tank. The supemate was probably saturated
when the demonstration started. on two occasions, the tank received water from RBOF-RRF.
The amount of water is not known. This water probably dissolved some of the salt cake in the
tank and was near saturation when the demonstration started. Water was added to the tank to
allow the transfer jet to be mined. The time this water was in the tank prior to the dissolution
process beginning is not documented. The water would have dissolved some salt. Dissolution
water was added batch wise to fill the tank to 206 inches (- 17 feet) rather than continuously.’1
Some dissolution likely occurred as the water was added to the tank and while the water satin
the tank. The amount of dissolution is not known.

The teletype report of Tank 10 dated 4/30f19 stated that over 3 days of operation, the salt
dissolution rate “appears to be about 0.01 fti as was predicted by TNX test”. This is equivalent
to the salt dissolution rate of 5.42 gpm with a supemate density of 1.3 g/cc.8 ~uation [5] shows
the calculation converting the change in salt cake elevation to saft cake dissolution rate.
However, the statement “appears to be about 0.01 ffir” raises uncertainty about the rigor with
which the dissolution rate was calculated.

Dissolution Rate = (0.01 fti) (12 in/ft) (27 10 ga~ln) / (60 mirr/br) = 5.42 gpm [5]

Another reference describes the dissolution rate to be 2.8 gpm.13 Because the tank conditions
prior to the demonstration are not described and other effects such as water being in the tank
prior to the demonstration starting could have contributed to dissolution, there is a great deal of
uncertainty in the salt dissolution rate by the modified density gradient method. The reference
does not provide the tank temperature during the demonstration. High Level waste should
exercise caution when using this estimate. Additionally, the test conclusion indicates that
solution chemist~ (i.e., corrosion inhibitors) was difficult to control without tank mixing., 12

Tank 10 Saft Removal Demonstration Details &Teletype Data atso provides additional
dissolution test data from 4/25 through 5/2979.1 1 The dissolution process was performed for 35
days. According to the data recorded, 140,046 gaflons of salt cake was dissolved. Dividing the
amount of salt dissolved by the demonstration time (35 days) yields a salt cake dissolution rate of
2.8 gpm.

Based on the data obtained for salt dissolution by density gradient methods, the authors decided
to perform the analysis with a dissolution rate of 3.55 gpm (the mid-point of 1.25 and 5.84) at

25° C. This approach makes a number of assumptions and extrapolations, so High Level Waste
should exercise caution when using calculated dissolution rates for the modified density gradient
method.
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Molecular Diffusion

Another method for salt dissolution is molecular diffision, With this method, inhibited water is
added to the tank, salt cake dissolves, and supemate mixing occurs by molecular diffusion.
Since thermal gradients will exist in waste tanks, thermal diffusion must also be considered. The
thermal gradients will cause density variations that will increase the mass transfer rate. The
thermal convection mass transfer coefficient can be calculated by using an analogy with thermal
convection heat transfer that is described by equation [6]. 14

[6]

In equation [3], k is the mass transfer coefficient, L is the liquid depth, D is diffusivity, g is the

acceleration due to gravity, p is supemate density, and p is the supemate viscosity. The
temperature difference is assumed to be 1” C. Once the mass transfer coefficient is calculated,
the mass transfer rate can be calculated with equation [7].

J=k AAC [7]

In equation [4], A is the surface area and AC is the concentration gradient. Table I shows the
input parameters for equations [6] and [7].

Using the input parameters from Table 1 and equations [6] - [7], the salt dissolution rate by
thermal diffusion is calculated to be 2.47 gpm for 2.4:1 dissolution ratio (2.4 gal. water to 1 gal
salt cake dissolved).

Table 1. Input Parameters for Thermal Diffusion Calculation

~r
D (cm*/s)
L (in)

P (dCc)
p (Cp)

v (cm*/s)
AT PC)
Ap (g/CC)
g (cm/s*)
AC (g/cc)
A (cm2)

*

1.57 x 10”5
50
1.3919
2.42

0.0174
1

0.00038
980
0.2

5.27 X 106

In 1981, SRTC conducted a horizontal plane dissolution test, which is similar to molecular
diffusion, using a four liter beaker with 15 centimeter diameter.8 The measured salt dissolution
rate was 0.51 mL/min, which corresponds to a dissolution rate of 1.18 gpm in Tank 37H, The
authors used 1.18 gpm, 2.47 gpm, and 1.83 gpm (the average) to calculate salt dissolution times
by this method.

8
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This approach makes a number of assumptions and extrapolations. It has not been
experimentally validated. Therefore, SRS HLW should exercise caution when using this data to
predict salt removal rates by molecular diffision.

Dissolution Time Calculation

SRTC used the analysis described above to calculate the time to dissolve 50 inches of salt cake
by various methods. Table 2 shows the methods considered. The table shows the range of
dissolution rates calculated for each method, as well as the dissolution rate used to calculate he
total dissolution process time. The dissolution rate used for the calculations with the slurry
pumps and Flygt mixers was determined by using the average dissolution rate in Tank 19 at

25° C, modifying it if necessary to calculate the dissolution rate with a Flygt mixer, and
correcting the rate for temperature and the number of mixers. The results of calculation for
dissolution time with MDG and other methods are shown in Table 2.

To calculate the time to dissolve 50 inches of salt cake, one must also consider the time required
to add inhibited water, the salt d~ssolution time, the time to transfer supemate from the tank, and
sampling and preparation time. SRTC made the following assumptions to calculate the salt
dissolution time. Tank 37H will contain 269.5 inches of crystallized salt cake and 81.69 inches
of saturated supemate when the supemate is removed from the tank. This supemate will be
saturated with salt. The ratio of dissolved salt cake to inhibited water in the supemate removed
from the tank is 1:2.4. HLW can add a maximum of 40 inches of inhibited water to the tank for
each dissolution batch. HLW can add 8000 gallons of inhibited water in a 12-hour shit? (the
addhion rate is 11.1 gpm). Seven days was added to the dissolution time for each batch to be
conservative. The jet transfer rate of non-MDG to TK 26 is 60 gpm. As shown in Table 2, the
jet transfer rate of MDG to Tank 26 are 4.25 to 36.73 Wm. Sampling and preparation time is
240 hours per dissolution batch.

Table 3 shows a number of different techniques can be used to dissolve the salt cake in Tank
37H. The spreadsheets used to perform the calculations are included in Appendix 1. The
modified densi~ gradient method with a transfer jet in the deeply mined well could dissolve the
salt cake faster than a single Flygt mixer and horizontal plane or molecular diffusion dissohrtion.
Increasing the supemate temperature of all methods or increasing the number of mixers
decreases the dissolution time. The table also shows the fraction of dissolution time required for
mixing is 30 – 54°/0 of the total dissolution time. HLW can improve the salt dissolution rate by
reducing the time for other steps (e.g., water addition, supemate \emoval, and sampling). Some
dissolution will occur while inhibited water is added to the tank, which will reduce the overall
salt dissolution time. The exact reduction in dissolution time cannot be quantified.

The authors have more confidence in the predicted dissolution times with Flygt mixers and slurry
pumps than they do in the predicted dissolution times with molecular diffision (MD) and the
modified density gradient (MDG) method, There are a number of uncertain thermal effects on
MD and unknown salt cake internal structural porosity or moisture permeability and undefined
drain passage pattern which could change with time, temperature, transfer jet suction condition,
water-salt cake level and other MDG method parameters.
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Table 2. Salt Cake Dissolution Methods

Method Dissolution Rate Transfer Rate to Total Process
Range (gpm) TK 26 (gpm) Time (Months)

No Agitation 25C Low

No Agitation 25C Mid.

No Agitation 25C High

MDG 25C LOW

MDG 25C Mid-value

MDG 25C High

MDG 50C bW

MDG 50C Mid-value

MDG 50C High

MDG 75C LOW

MDG 75C Mid-Value

MDG 75C High

1 Flygt Mixer 25C Low
1 Flygt Mixer 25C Mid.

1 Flygt Mixer 25C High

1 Flygt Mixer 50C (Mid)

1 Flygt Mixer 75C

2 Flygt Mixers 25C
2 Flygt Mixers 50C
2 Flygt Mixers 75C

3 Flygt Mixers 25C
3 Flygt Mixers 50C
3 Flygt Mixers 75c

1 Slurry Pomp 25C
1 Slurry Pump 50C
1 Slurry Pump 75C

1.18

1,83

2.47

60

60

60

8.63

7.03

6.27

1.25

3.55

5.84

4.25

12.05

19.86

8.08

5,32

4,73

1.78

5.05

8.32

6.05

17.17

28.29

6.81

4.87

4.45

2.33

6.56

10.8

7.91

23.32

36.73

6.11

4.63

4.31

2.0
3.0

4.0

60
60

60

6.78
5.89

5.45

2.8- 5.7 (4.3) 60 5.4

3.7- 7.4 (5.6) 60 5.1

2.8- 5.7 (4.2)
4.0 – 8.0 (6.1)
5.3- 10.5 (8.6)

60
60
60

5.4
5.0
4.7

3.5 – 6.9 (5.2)
4.9 – 9.8 (7.4)

6.4- 12.9 (10.6)

60
60
60

5.1
4.8
4.6

3.0- 7.0 (5.0)
4.3- 9.9 (7.1)
5.6-13.0(9,3)

60
60
60

5.2
4.9
4.7

Using these assumptions, SRTC calculated the dissolution time by each method in Table 2.
Table 3 shows the results.
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Table 3. Tank 37H Salt Dissolution T[me
Water Temp. Dissolution Dissolution Dissolution T$me Total Process

Method of Dissolution (“c) Rate (gpm) Time (days) (% of Total) Time (months)

1. No Agi[atio” 25 1.83 116.8
2. MDG

54.4 7.0
25 3.55 73.8

3. MDG
46.0 5.3

50 5,05 60.2
4. MDG

40.5 4.9
75 6.56 52.8 37.4 4.6

5. One Flygt Mixer 25 3.0 82.2 45.7 5.9
6. Two Flygt Mixers 25 4.2 66.7 40,5 5.4
7. One Flygt Mixer 50 4.3 65.8 40.0 5.4
8. One Slumy Pump 25 5.0 60.5 38.3 5.2
9. Three Flygt Mixers 25 5.2 59.3 37.8 5.1
10. One Flygt mixer 75 5.6 57.0 36.9 5.1
I I. Two Flygt Mixers 50 6. I 54.6 35.9 5.0
12. One Slurry Pump 50 7.1 50.9 34.3 4.9
13. Three Flygt Mixers 50 7.4 50.0 33.9 4.8
14. Two Flygt Mixers 75 8.6 46.9 32.5 4.7
15. One Slurry Pump 75 9.3 45.5 31.8 4.7
16. Three Flygt Mixers 75 10.6 43.3 30.8 4.6

Heat Transfer Analysis

one of the authors has developed a heat transfer model which describes heating and cooling in
SRS High Level Waste Tanks. rs’6’7,1* The model is described by equation [5]

cppv(dT/dt) = Qdec + QjPm + Qpur + Qc.i + Qana+ Quns+ Q.wi + Qsen+ Qt,r [5]

where CPis the specific heat of the liquid or solid phase, p is the density of the liquid or solid
phase, V is the liquid or solid phase volume, T is bulk temperature, t is time, Qd,, is radionuclide
decay heat, QjPmis heat input from a steam jet or slurry pump, QP”, is the heat removed by
evaporation and purge gas, QCOiis the heat removed by submerged and vapor space cooling coil
water, Qam is the heat removed by annulus air passing through the tank bottom cooling slots, Q.n,
is the heat removed by underground soil, Q,Wlis the heat flow through the vertical tank wall,

QsmistftesensibIe liquid heat flow into or out of the tank, and Q,,r is the heat absorbed by tank
structures.

Thls model evaluates equation [5] in discrete time steps. It evaluates heat inputs and outputs on
the right side of equation [5], and calculates the new heat balance and temperature at the end of
the time step. This process is repeated for a time determined by the user. SRS HLWE has
compared the model predictions with actual waste tank temperatures to validate the model. The
model is applicable to all types of SRS Tank Farm waste tanks (Types I, 11, III, fffa, and IV).
Figure 1 shows a schematic of how the model is applied to SRS Waste Tanks. It has been

approved by SRS HLWM for calculating waste tank temperatures.’s

The authors employed the model to calculate the supernate and salt cake temperature during the
entire dissolution process. The initial waste tank supernate temperature is assumed to be 37° C.
If the inhibited water added to the tank has a temperature of 25° C, the supemate temperature
will decrease as the inhibited water is added. If the inhibited water added to the tank has a

II



temperature of 500 c or 75o C, the supemate temperature will increase as the inhibited water is
added. Since salt dissolution is an endothe~ic process, the supemate temperature dmreases
during salt dissolution. Once salt dissolution is ~omplete, radionuclide deeay heat will increase
the supemate temperature. The supemate temperature will, in most cases, rise slightly during
transfer of supemate from Tank 37H. Table 4 shows the calculated tank supemate tenIperatUre
following inhibited water addition, it the end of salt dissolution, at the end of mixing, and the
peak supemate temperature during batch 1 and batch 4 for each dissolution method. The table
shows that when the inhibited water temperature is 50° C or 75° C, the actual supemate
temperature will be much lower. When the inhibited water temperature is 25° C, the tank
supemate temperature will be higher.

. ,. -.. .... .
+.. . --.., . . . ...,,.

. . . . . . .. EtottomUqdcrground SOI! ~..- -‘ -..

F~gure 1. Schematic of Tank CoOl@g. Model

12
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When dissolving salt cake with one Flygt mixer and 25° C inhibited water, the supernate

temperature will vary between 37° C and 27° C during the process. The supemate temperature at

the end of the salt dissolution for the four batches was 34° C, 31.5° C, 29.5° C, and 28° C (31° C
average). Since this temperature is higher than 250 C, the actual salt dissolution rate will be
slightly higher than predicted by these cal~ulations, similar results are expected for other
dissolution methods with 250 C inhibited water addition.

When dissolving salt cake with one Flygt mixer and 50° C inhibited water, the supemate
temperature will vary be[ween 38° c and ’32° c during [he process, The supemate temperature at

the end of the salt dissolution for the four batches was 36° C, 34.5” C, 33.5° C, and 33° C (34° C

average). Since this temperature is lower than 5(I 0 C, the actual salt dissolution rate will be less
than predicted by these calculations. At a supemate temperature of 34° C, the calculated salt
dissolution rate is 3.15 gpm, Similar results are expected for other dissolution methods with

50° C inhibited water addition.

Table 4. Tank 37H Supernate Temperature
End [W Addition Peak Temp. End Dissolution E“d Mixing

Water Batch 1 Batch I Batch 1 Batch I
Method of Dissolution Temp. (“C) Batch 4 Batch 4 Batch 4 Batch 4

1. No Agitation

2. MDG

3. MDG

4, MDG

5. One Flygt Mixer

6. Two Fiygt Mixers

7. One Flygt Mixer

8. One Slurry Pump

9. Three Flygt Mixers

10. One Flygt mixer

11. Two Flygt Mixers

12. One Slurry Pump

13. Three Flygt Mixers

14. Two Flygt Mixers

I5. One Slurry Pump

16. Three Flygt Mixers

25

25

50

7s

25

25

50

25

25

75

50

50

50

75

75

75

36.0
29.7
36.0
29. I
38.0
34.0
40. I
39.9
36.0
29.8
36.5
30.0
38.0
35.4
36.0
37.9
36.0
30.4
40,0
40.8
38.1
35,6
38.0
42.2
38.1
36.2
40.2
41.3
40.1
47.3
40,2
42.2

37.0
29.9
37.0
29.1
38.0
34.0
40.1
40.0
37.0
30.0
37.0
30.2
38.0
35.4
38.6
40.6
37.0
30.7
40,0
40.8
38.1
35.6
39.7
43.7
38.1
36.2
40.2
41.3
4!.2
47,3
40,2
42,2

33.6
27.6
33.4
26.5
35.0
30.6
.37.3
36.6
35.6
27.5
33.7
27.6
35.5
32.5
36.1
37.8
33.8
28.1
37.5
37.7
35.6
32.8
37.3
41. I
35.8
33.5
37.5
38.1
38.9
45.6
37.8
39.3

34,3
27,9
33.6
27.0-
35,0
30.8
37.0
36.2
35,9
27,7
34.0
28.2
35.7
32.7
38,6
40.6
34.3
28.8
37.5
37.7
35.9
33.2
39.7
43.7,
36.2
34.0
37.7
38.3
41.2
47.9
38.2
39.6

13
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When dissolving salt cake with one Flygt mixer and 75° C inhibited water, the supemate
temperature will vary between 41” C and 37° C during the process, The supemate temperature at
the end of the salt dissolution for the four batches was 37.5° C, 37.7” C, 37.8” C, and 37.8° C
(38° C average). Since this temperature is lower than 75° C, the actual salt dissolution rate will

be less than predicted by these calculations, At a supernate temperature of 38° C, the calculated
salt dissolution rate is 3.35 gpm. Similar results are expected for other dissolution methods with
75” C inhibited water addition.

The heat transfer calculation resuits are shown in Appendix 2.

Assumptions

The authors made the following assumptions in performing the salt dissolution analysis:
. The effect of increasing tank supemate temperature ort the dissolution rate is 1.7%/°C.

● The tank cooling coils have a small effect on the salt dissolution rate
. Using a smaller volume of dissolution water in Tank 37H than in Tank 19F has a small effect

on the salt dissolution rate.

● The dissolution process is mass transfer limited,
. The discharge from a Flygt mixer behaves as a turbuIent jet.
. The salt dissolution rate is proportional to the square root of the number of pumps or Flygt

mixers,

. The ratio of dissolution fluid to salt cake is 2.4:1. This ratio is an average from the Tank 19
Salt Removal Demonstration.

. The ratio of the salt d~ssolution rate by the motlfied density gradient approach to the salt
dissolution rate with mechanical agitation does not change during scale-up.

● The Colbum analogy can be used to describe thermal convection mass transfer.
● The thermal gradient in Tank 37H is 1° C. This assumption is based on the temperature

difference between the salt cake and supemate obtained from the HLW morning repofl.

● The saturated supemate”density is 1.39 ~cc, wh~ch is the density of a saturated sodium
nitrate solution.

● The saturated supemate viscosity is 2.42 cp., which is the density of a saturated sodium
nitrate solution.

● Tank 37H contains 269.5 inches of salt cake,

● Tank 37H contains 81.69 inches of saturated supemate.
● HLW can add a maximum of 40 inches of inhibited water to the tank a one time.
● HLW can add 8000 gallons of inhibited water to the tank in one 12 hour shift.
. Seven days is added to the dissolution time in each batch for conservatism.

. The jet transfer rate is 60 gpm for non-MDG dissolution cases.

. Sampling and preparation time “is240 hours for each dissolution batch
. The initial waste tank supernate tempemture is at 37° C

14
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Conclusions

The conclusions from this work are the following:
●

✎

●

●

●

✎

A single Flygt mixer with tank supemate temperature of 25° C should be sufficient to
dissolve andremove 50inches ofsaltcake within six months. Irrcreasing thesupemate
temperature or adding additional F]ygt mixers will decrease the time to dissolve the salt cake.

A single slurry pump with tank supemate temperature of 25° C also should be sufficient to
dissolve andremove 50inches ofsaltcake within sixmontbs. Irrcreasing supematetemp-
eratrrre oradding additional slu~pumps will decrease thetime todissolve thesaltc~e.

calculations predict that the modified density gradient method should be able to. remove 50
inches of salt cake within six months, but uncertainty exists in predicting dissolution rates by

this method (predicted dissolution rates varied between l.25gpm and5.84gpmat25° C).
HLW should exercise caution when mwlng decisions using calculated dissolution rates for
this method.

Molecular diffusion is unlikely to remove 50 inches of salt cake in six months.
If the inhibited water temperature is 25° C, the actual tank supemate temperature will be
higher and the salt dissolution rate faster than predicted by this analysis.

If the inhibited water temperature is 50 or 75° C, tank cooling will reduce the tank supemate
temperature to 30 – 40° C, which increases the dissolution time and minimizes the benefit of
adding heated water to the tank, Including this effect, thedissolution rate with one Flygt
mixer is3.15gpm (rather than 4.3) forcase 7and3.35gpm (rather than 5.6) for case 10.

Path Forward

If HLW requires more rigorous estimates of the salt dissolution time, SRTC could reduce the
uncertainty in the calculated dissolution time by performing the following work:

● pefioma more rigorous analysis ofsaltdissolution bythedensity gradient methods.
s Petioma morerigorous analysis ofsaltdissolution bymoleculm diffusion.
● Perfoma more rigorous evaluation ofchanging supemate temperattire inthetank when the

inhibited water is heated prior to addition.
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Appendix 1

Selected Sketches, Test Data and Example Calculations

A) Molecular Diffusion (or Horizontal Plane) Dissolution

B) Modified Density Gradient Dissolution

C) Mixing by Flygt Mixer(s) and Dissolution

D) Mixing by Slurry Pump and Dissolution
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A) ~~.itation

Molecular Diffision - 25C lW (Case 1)

Horizontal Plane Dissolution of Salt by

Molecular Diffusion and Thermal’ Diffision

Highly Concentrated or Saturated Salt Solution

Near Salt Cake-Liquid interface

I-ow Concentration or Less Saturated Salt Solution

Near Vapor-Liquid Interface

r
Inhibited

Water

(Batch)

used here~ high Horizontal plane dissol. Lab test
salt dissolution cate (gpm) 1.83 1.18 2.47 1.18 and diffusion ca[c.. value

1 total time (mOnb) 7.03, 8.63 6:27 2.47 were shown as low & high

18
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Reference (A) D. Kiser, sava~ah River hboratory (Jan/8 1), DP- 1587, “Removal of Salt from

High-~vel Waste Tanks By Density Driven Circulation or Mechanical Agitation”

Horizontal Plane Dissolution

terns \ Case
mk ID (D)

in meter

iameter Ratio
rea,(,41)
J Area Ratio

:nter Cylinder OD

triter Colmnn Area (A2)

et Area (A= A1-A2)

quiv De=(4*Ae/pi)”O.5

quiv. Dia. Ratio

et Area Ratio

ake Dissolution Rate

alt dissolution ratio

2.4

2.3

2.2

2.1

2.0

1.9

alt Scdution Removal(B)

1“ gpm

lalt Dissolution

Late = B / (2.4+1)

Four Liter

Beaker Test
15 cm

O meter

1

0.0174 m2

1

0 ft

Om

O m2

0.0174 m2

O meter

I

1

m CM/hr

O.CCCO1Om3/hr

0.002763 gal/hr

0.CCO046 gpm

0.000039 gpm

0.~40 gpm

0.W41 gpm

o.0ooo43 gpm

0.W4 gpm

0.~46 gpm

W ml/n
0.000133 gpm

0.000039 gpm

Type IV

Tank 22H
85 ft

26 meters

73.8791

27.1784 &

0233.97

0 ft

Om

0M2
27,17g4 &

2.5.908 meters
73.g791
0233,97

1.39 gpm

1.19 gpm

1.22 gpm

1.26 gpm

1.30 gpm

1.34 gpm

1.39 gpm

15.27 Llmin

4.03 gal/rein

1.19 gpm

Type IIIa

Tank 37H
,g5ft

26 meters
73.8791

27. 17g4 m2

0233.97

6.75 ft

2.0574 m

.324507 m2

23.8539 m2

:5.g2617 meters

73.3300

‘m43.31

1.38 gpm

l.lg gpm

1.21 gpm

1.25 gpm

1.29 gpm ,

1.34 gpm

1.38 gpm

15.17 Llmin
4,01 gal/rein

1,18 gpm

19
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Molecular Diffusion Case
—.-—==== ==== ====--—-—- ===_ —.- diffusion time 16.4 days

dissolution rate 2.47 gpm
dSSOIUtiOfl water added 40 inch

Salt cake dissolved using 2.4 to 1 ratio 16.6667 inch
total supernate produced H= 56.6667 inch
salt cake - supernate temperature cliff dT = lC
cliff. supernate density between 26C & 25C drh = 0.00036 g/cm3

liquid depth L= 143.9333 cm
liquid gallon per inch depth of tank . 3510 gal/inch

unit conversion from gallon to cm3 . 3785,4 cm3/gal

total volume of dissolved salt solution V = 752916060 cm3
Vgal = 198900 gal

surface area = A = V/L = 5.23E+06 = A= 5231006 cm2
gravitational acceleration g= 980 cm/sec2
absofute viscosity of salt solution mu = 2,42 Cfl

kinematic viscosity of salt solution = mulrho= 1.7386 centistokes

(mu/rho)/92903.4 = 0.00001871 ft2/sec
(mu/rho) ’(1 2“2.54)”2/92903.4 = nu = 0.0174 cm2/sec

Grashof Number

Gr = (g)(LA3)(drh)/( rho’nu”2) =

Schmidt Number
kinematic visco. / diffusivity =

Sherwood number
Sh = 0.13 “ Gr’(1/3) ‘ ScA(l/3) =

Sh=(k)’L/Df

Mass Transfer Coeff = k = (Sh) ‘ Df / L =

Mass Transfer Rate = J = k “ A ‘ dC

total volume of dissolved salt solution

Gr = 2639213298

Sc = nu/Df = 1107.40

Sh = 1858.68

k = 0.00020274 cm/sec

J= 207.81 g/see

V = 752916060 cm3
differential density between water & salt SOIU. = 0.392 g/cm3
differential mass between water & salt SOIU = cfM = 295067804 grams

total transfer time of differential mass

t=dM /J= 1419873 sec = 23665 min = 394.41 hrs
16.43 days

salt dissolved = (Vgal) ‘ 1 / (1+2.4) Qsd = 58500 gals
dissolution rate = 56500 gals I 23665 min. = ,2.47 gpm

----------

20
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Modified Densitv Gradient (MDG) Dissolution

Low Density Inhibited Water or Supernate --- Upper Layer

High Density Dissolved salt solution --- Lower Layer or Well

Dissolved Salt Solution To Be Transferred Out During Dissolution

MDG - 25C IW (Case 2)

MDG - 50C IW (Case 3)

MDG - 75C IW (Case 4)

Inhibited

Water

(Batch)

21
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Reference (A) D. Kiser, Sav.a~ah RjVM ~bcstory (Jan/8 1), DP- 1.567, “R~moval of Salt from

High-Level Waste Tank By Density Driven Circulation or Mechanical Agitation”

Reference (BJ B, Wiersma, SRTC (Aug/96), WSRC-TR-96-01 60,

“An Investigation of Density Driven Salt Dissolution Techniques”

Density-Driven Circulation Test

1981 Lab Jal

Items \ Case Test (A)
‘rough Size or ID 31 cm
.quiv circle ID in meter O meter
quiv. Diameter Ratio 1

,rea (Al) 0,0731 m2
.rea Ratio 1

!enter Cylinder OD o ft

Om
:enter CO]”MIIArea (A2) O m2

ret Area if A=(Al-A2) 0.073 I m2
quiv De=(4*Ae/pi)-0. 5 0 meter
quiv. Dia. Ratio 1
let Area Ratio 1

!ake Dissolution Rate 0~ cm/b

0.~23 m3/hr

0.05983 gal/hr

0.00100gpm

salt dissolution ~atiO SD Ratio= 1.913

2.4 0.00i)85 gpm

2.3 0.00088 gpm

2.2 O.~1 gpm

2.1 0.W4 gpm

2.0 0.00097 gpm

1.913 O.~100 gpm

:alt Solution Removal(B) ~ ml/ti

1 in gpm 0.00291 gpm

996 Trough

‘est (B)
“x36”x15”high

0.2979 m

0.9766

0.0697 m2

0.9537

0 ft

Om

O m2

0.0697 m2

0.2979 meter

0.9766

0.9537

0.25 cm/hr

0.00018 m3kr

0.04662. galfir

0.~78 gpm

lD’Rati0=2.4

0.~78 gpm

0.00080 gpm

0.00083 gpm

0.~85 gpm

0.00088 gpm

O.-1 gpm

0.00078 gpm

w
O m2 3.32 m2

27.1784 m2 523.85 m2 :

25.908 meters

I

25.83 meters

i,94426 84.68

7216 7170

alt Cake Dissolution Rate

(gPm) I
(A)

7.20

6.17

6.35

6.55

6.76

6.99

~

20.97

6.17

gpm

i using test data
(B) - (A)

5.88 7.15

~ 6.13

6.06 6.31

6.25 6.S1

6,45 6:72

6.66 6.95

6.86 ~

19.99 20.84

5.88 6.13

gpm gpm

:salt dissol. .Itio of 2.4 case)

(B)

5.84

~
6.02

6.21

6.4i

6.62

6.82

19.86

5.84

gpm
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Modified Densit~ Gradient with 25C Inhibit~ Water (Batch 1)

a) initial salt cake level (average of 262” & 277”) ---------------- 269.50 inch
b) inhibited water batcb = N80% of 10 KgaI Ia”k ---------------- 8CC0 gallons per ba~ch

inhibited water pumping 10TK 37 (8O to 120 gpm) ----------------- 100 gpm ; IWp=I .33 hrs
tOk[ time of 1 batcb IW additiOa tOTK 37 = [wt ------------------ 12 ‘hrs
[W addition ------------------ 1 batch per 12 hr shift & 2 batches per day
total [W add hr needed/iet pumping hr = IWt/IWp = 12/1.33 ------- 9
equiv. continuous [W addition rate= IWtlIWp = 100 gpm19 ---- 11.11 gpm
batch water add hrs= (40in*3510gal/in)/(11. 1lgpm*60min/br)= 210.6 hrs = 8.8 &yS

c) Jet transfer TK 37->TK 30 (Existing Decant Before Batch) 60 gpm (not Batch Case)
d) salt dissolution rate (gPm) 3.55 1.25 5.84 Avg of 25 % slurry pump rate.

transfer to TK 26 (gPm) 12.05 4.25 19.86 and 1979 TK 10 data gives
total time (mo*tis) 5.32 8.08 4.73 (5*0.25+5. 84)/2 = 3.55 gpm

37.5

37

36.5

36

35.5

35

34.5

34

33.5

33

32.5

T
Case Z Mcdificd Density Gradient - 25C IW
Batch 1- (Individual) & Cumulative Time

DissOl+Tmsf(11.4) 20.2 days

Sample & Prep. (10) 37.2 days

\

@

\ .~ ~ ~ -

0 10 20 30 40

Batch #1 starting water salt tobl crystallized total [fib’ Water
level

210.6
added dissolved supemate salt cake content Disso+Tmsf 275,0

Zepth (in) 271.50 40.0 16.67 58.67 254.83 313.5 Contingency 168.0
gallons 952965 140400 58500 205920 894465 110038s

% 86.6% 12.8% 5.3 % 18.7% gl.3% 100.0% saulpl&Prep. 240.0
net hours 210.6 275.0 275.0 tramfer batch tOtal (CkiyS) 37.2
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Modified Density Gradient with 25C Inhibited Water (Batch 2)

34

33.5

33

32.5

32

31.5

31

30.5

30

c

Case 2: Modified Density Gradiecit - 25C [W
Batch 2- (Individual) & Cumulative Time
lnhib’Water (8.8) 8.8 &y,
Dissol+Tmsf (11.4) 20.2 days
Co.dngen.y (7) 27.2 &yS
Sample & Prep. (10) 37.2 &ys

o Lo 20 30 40

Time (Dvs)
0 S“pnlmti + Sdt

Batch #2- starting water,.. salt total crystallized
level

total Inhib’Water 210.6
added dissolved Supemate

depth (in)
salt cake content Disso+Trosf

2S6.83
275.0

40.0 16.67 58.67 240.17 298.8 Contingency 168.0
gallons 901485 14040iI 585oo 205920

%
842985 1048905

85.9% 13.4% 5.6% 19.6% 80,4% 100.0% Sampl&Prep, 240.0
net hours 210.6 275.0 275.0 transfer batcb to~l (&YS) 37.2
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Modified Density Gradient with 25C Inhibited Water (Batch 3)

31.4

31.2
c

31 Case 2: Md!ticd Densily Gradient - 25C [W

30.8 Batch 3- (Individual) & Cumulative Time
u

30.6 [tiib’ Water (8.8) 8.8 &yS

30.4 % DissoI+Trmf (1 1.4) 20.2 days

30.2
Contingency (7) 27:?. days

+%
Sample & Prep. (10) 37.2 days

30 !

29.8

29.6 \%.

29.4

29.2 $% %

29 k d

28.8 \

28.6 \%

28.4

28.2 i “

26

27.8 r

o 10 20 30 40

The (Days)
0 Sup.rn.ti + Smlt

Batch b’3 starting water salt total Crysta[tized total ~ib’ Water 210.6

level added dlssolvd supmnate
depth (m)

salt cake content Disso+Tmsf 275.0

242.17 40.0 16.67 . 58.67 225.50 284.2 Contingency 168.0
gallons 85~5 140400 58500 205920 791505 997425

% 85.2% 14.1% 5.9% 20.6% 79.4% 100.0% Sampl&Prep. 240.0
net hours 210.6 275.0 275.0 transfer batch total (days) 37.2
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Modified Density Gradient with 25C Inhibit~ Water (Batch 4)

29.4

29.2

29

28.8

28.6

28.4

28.2

2a

27.8

27.6

27.4

27.2

27

26.8

26.6

26.4

26.2

%

L Case 2 MdIticd Density (3radIcnt - 25C IW
~

k
Ba@h4- (Individual) & Cumulative. Time

!7
Mb’Water (8.8) 8.8 &ys
Dissol+Tmsf (11.4) 20.2 &ys
tindngency. ~) 27.2 &yS

IY I Sample & Prep. (10) 37.2 &yS

i ?

&

~+ & “ M w

ti

+$ ,/ ,#

o 10 io 30 40

Time (%.)
a Supmatc + Sdt

step Hours

Batch #4 st8rting water salt total cyst811i2ed total Mb’Water 210.6

level added dissolved Supmte salt cake content Disso+Tmsf 275.0
depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 Contingency 168.0
gallons 798525 140400 585W 205920 740025 945945

% 84.4% 14.8% 6.2% 21.8% 78.2% lm.o% Sampl&Prep. 240.0

net hours 210.6 275.0 275.0 transfer batch total (by,) 37.2
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~) .Mixinp b~ Mechanical A gitation (FIv gt Mixer]
1~lxer25C IW (cue 5), 2 ~lxers 25C IW (CSSe @
1 Mxer 50C rw (case 7) 2 Mixers 50C IW (CSSe II)
1 Mixer .75C N (case 10) 2 Mixers 75C IW (Case 14)

3 Mixers 25C ~ (Case 9) 3 Mixers 75C W (case 16)
3 Mixers 50C IW (Case 13)

~

j--

lA”K

I lfLESCOPl”C
II 1$.UISFCRJET

@~ a-—1IQU1O

~’rr FIygt

Mixer 4650
7.5 HP

Minimumliquid depfi
36” +23” = 59v is

Vortex Suppressor

Ns),

When used with VS

o~y 1 ft submergence Minimum

is n~ed. .“ Submergence

~Irdrurrrtr liquid depfi 36” ~l,fiout VS
12” + 23” = 35r’i~ 12” With Vs

n~ed witi”vs.

...vLm ~.
.

1
._—
— ——z—=
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One Flvgt Mixer with 25C Inhibited Water

a) initial salt cake level (average of 262” & 277”) ----------------

b) inhibited water batch = -80% of 10 Kgal t3nk ----------------

inhibited water pumping to TK 37 (80 to 120 gpm) -----------------
‘to&l time of 1 batch [W addition to TK 37 = lWt ------------------
ID addition ------------------ 1 batcb per 12 hr shift &
toul IW add hr needed/net pumping hr = IWt/IWp = 12/1 .33 -------

equip. continuous IW addition rate= IWt/IWp = 100 gpm19 ----

batcb wa~er add hrs= (40in*3510gal/in)/( 11.1 lgpm*60min/br)=

C) jet transfer TK 37->TK 30 and Or TK 26

used here Iow high
d) salt dissolution rate (gpm) 3.OQ 2.00 4.00

t0t31 time (months) 5.89 j 6.78 I 5.45

269.50 inch

8000 gallons per batch
lW gpm ; IWp=l.33hrs

12 hrs

2 batches per day
9

11.11 gpm

210.6 hrs=8.8 days

60 gpm

Dss.a[utioci(13,.$ 22.3 &;s
Eti Mii (7) 29.3 &ys
Jcf Tnnsfer (2.3) 3L.6 &ys
Szmplc& Prep. (lo) 41.6 by, d

a7.5

a7

;6.5

36

35.5

35

34.5

34

33.5

3s

325
0.

Batch #1 st3rting water

level added

depth (in) 271.50 40.0

gallons 952965 140400

% 86.6% 12.8%

net hours 210.6

10 20 30 40 ‘,

The (Day.)
0 SUpcmmk + salt
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38.5

aa

37.5

.37

36.5

36

35.5

35

34.5 1

WSRC-TR-201)-W277, Rev “

Case 7: one F[~gt Mixer with 50C IW

Case 10: one Flygt Mixer with 75C N
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D) Mixing bv Mechanical Agitation (Slurry Pump]

25C Inhibited Water (Case 8)

50C Inhibited Water (Case 12)

75C Inhibited Water (Case 15)

Minimum Submergence

16 inch above slurry pump bottom
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One SlurW P.umD with 25C Ambient Inhibited Water

a) initial salt cake level (average of 262” & 277”) =

b) inhibited wa~er batch= -80% of 10 Kgal tank=

inhibited water pumping to TK 37 (80 to 120 gpm) =

net pumptig time of one ba~ch [W to TK 37 = IWp =

nUIll&r of [W batches ~r 12 h-Shift =

number of IW batches ~r &y =

totaI time of 1 batch IW add[tion to TK 37 = IWt =

total IW time neededJnet pumptig time = IWtJIWp =

c) salt dissolution rate =

d) jet transfer rate from TK 37 to TK 30 or TK 26 =

(60 to IN gpm)

269.50 inch

8000 gallons
100 gpm

1.3 ks

1 batch ~r shift

2 batches per day

12 b’s

9

5 gpm

60 gpm

39

38.5

35.5

35

*.8: oae.sl~ Pump tith 2SC fw
Bati 1- (Jndi~dmt) & -titiVC TiiC

DissoIutioa (s. [) 16.9 &y,
Extra M1xiW~) 23.9 &ys
Jet Trtnsfec (2.3) 26.2 &y5
Sample.& Prop. (10) 36.2 &y6

o Lo 20 30 40

Ttie (Days)

0 Supern.ti + salt

Batch #1 starting water salt total crystallized total Inbib’ Water
level

210.6
added dissolvd supernate. salt cake content Dissolution 195.0

depth (in) 271.50 40.0 16.67 58.67 =4.83 313.5 ExtraMixing 168.0
gallOlls 952965 1404fNl 585W 205920 894465 1IOQ385 Jet TraDsfer

%
55.3

86.6% 12.8% 5.3% 18.7% 81.3% 100.0% Sampl&Prep. 240.0
net hours 210.6 195.0 55.3 traD6fer bamh total (dsys) 36.2
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40

39.5

39

38.5

38

37.5

37

36.5

36

35.5
. 10 20 30

Thc (De.ys)
0 S.p. rn.k + Suit

Case 15 One SlurW Pump with 75C ~

42

4L

40

a9

38

37

. . .-.
ti$~ 15:One Slurryhmp u.iti 75C [W
Batch I - (Individml)& Cmu,ative Time—
M’Wati (8.8) 8.8.1w
DKspludGu(A3) [3.1(&p
Emm~ 20.[ &yc—
J@Tmnsfx~)

a ~
Z4 tiyc. 3

S.mflc & Prep.(10) 324 &yc

36

35

The (Dmye)
0 Super.r.tc + S.lt
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Appendix 2

Dissolution Calculations

Dissolution
Dissolution] Met],od

I)is. Rate Dissolution Dissol”tio” Tirl>C Total Process
Rate (gpm) used (gpm) Time (days)

1. No Agitation (25”C)
(% of Total) Time (montis)

1.18–2.47 1.83 117 54
2. MDG(25°C)

7.0
1.25-5,84 3.55 74 46

3. MDG(509C)
5,3

1.78–8.32 5.05 60 41
4. MDG(750C)

4.9
2.33-10.80 6.56 53 37

5. One Flygt Mixer (25°C)
4.6

2.0- 4,0 3.0 82 46 5.9
Two Flygt Mixers (250c) 2.8- 5.7 4.2 67 41 5.4
One Flygt Mixer (50°C) 2,8–5.8 4,3 66 40

25”C)
5.4

3.0- 7.0 5.0 61 38 5.2
,2 59 38 5.1

I 3.7- 7.4 I 5.6 57 37 5.1
55 36

– 9.9
5.0

7.1 51 34 4.9
t Mixers (500’C) I 4,9 – 9,8 7.4 50 34

-10.5
4.8

8.6 47 33 4.7
46 32 4.7

I .“. 6 43 31 4.6
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(case 1) Molecular Diffislon wlti 25c [fiibited Water

Water to salt dissolution ratio = 2.4 to 1 70 total time

Molecular Diffusion with 25C lW: 7.03 months total 100%
1.83 gpm dissol. rate; dissol. and contingency = 116.8 days 54%

a) initial salt cake level (average of 262>,& 277,,) ---------------- 269.50 inch

h) inhibited water batch = m80% of ]0 Kgal tank ---------------- 8000 gallons per batch
inhibited water pumping to TK 37 (8O to 120 gpm) ----------------- 100 gpm ; Iwp=l.33 hrs
total time of 1 batch IW addition to TK 37 = IWt ------------------ 12 brs
IW addition . . . . . . . . . . . . . . . . . . 1 batch per 12 hr shift & 2 batches per &y
total IW add hr needed/net pumping hr = IWt/I Wp = 12/1,33 ------- 9
equiv. continuous IW addition rate= IWt/IWp = lW gpm/9 ---- 11.11 gpm
batch water add hrs= (40in*3510gal/in)/(11, 1lgpm*60min/hr)= 210.6 hrs = 8.8 days

c) jet tranSfer TK 37->TK 30 and Or TK 26 60 gpm

used here low high Horizontal plane dissol. Iab test
d) salt dissolution rate (gPm) 1.83 1.18 2.47 1.18 a“d diffusion talc. value

total time (months) 7.03 8.63 6.27 2.47 were shown as low & high

Molecular Diffusion with 25C IW: Step Hours
- salt cake water salt total Iiq or crystallized total Inhib’Water

$E,xi$tlng< , + dissolv.
0.0

etisting dissolved supemate salt cake content Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 Contingency 0.0
gallons 1030278 202399 84333 286732 945945 1232010 Jet Transfer

%
77.7

83.6% 16.4% 6.g% 23.3% 76,8% lW.0% Sampl&Prep. 240.0
net hours 0.0 0.0 77,7 transfer batch total (days) 13.2

Batch #l starting water salt total crystallized total Inhib’ Water
level

210.6
added dissolved supemate salt cake content Dissolution 532. g

depth (in) 271.50 40.0 16.67 5g.67 254,83 313.5 Contingency 168.0
gallons 952965 140400 58500 205920 894465 1100385 Jet Transfer

%
55.3

86.6% 12.8% 5.3% 18.7% 81.3% 100.0% Sampl&Prep. 240.0
net hours 210.6 532.8 55.3 transfer batch total (days) 50:3

Batch ~ starting water salt total crystallized I total Ifnhib’Water 210.6
level added dissolved supemate salt cake content Dissolution 532.8

depth (in) 256.83 40.0 16.67 58.67 240,17 29g.8 Contingency 168.0
gallons 901485 140400 58500 205920 842985 1048905 Jet Transfer

% 85.9%
55.3

13.4% 5.6% 19.6% 80.4% 100.0% Sampl&Prep. 240.0
net hours 210.6 532.8 55.3 transfer batch total (days) 50.3

Batch #3 starting water salt total crystallized toul
level

lfiib’ Water 210,6
added dissolved supernate salt cake content Dissol”tio” 532.8

16.67 58.67 225.5o 284.2 Contingency 168.0
58500 205920 791505 997425 Jet Transfer 55.3

5.9% 20.6% 79.4% 100.0% Sampl&Prep. 240.0
532.8 55.3 transfer batch total1 (days) 50.3 I
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step Hours

Batch #4 Satig water salt total Cystallizcd tOtaI Jnbib’Water 210.6

level addd dissolved supemate salt cake conknt Dissolution 532.8
depth (in) 227.50 40.0 16,67 58.67 210. g3 269.5 Condngency 168.0
gallons 798525 140400 585W 205920 74W25 945945 Jet Transfer 55.3

% 84,4% 14.8% 6.2% Z1.g% 7g.2% 100.0% Sampl&Prep. 240.0
net hours 210.6 532,8 55.3 transfer ba~ch total (days) 50.3

[Case l) Molecular Diffusion with25C Inhibited Water

Tank Level at the End of Batch 4 = 210.8 +2= 212.8 “TKLvI

Salt Cake bvel Reduced = 269.5 -210.8 = 5g.7 “TKLvI

Total Inhibited Water Used= 5616W gallons = 160.0 “TKLvI

dissolution & tra”sdfer time (a) 2131.1 hrs= gg.8 days
additional contingency time (b) 672.0 hrs Zg.o &ys

totaI dissolution, transf& contingency (a+b)= [ 116.8 days

inhibited water addition = 842.4 hrs= 35.1 days

initial TK decant transfer time = 298.7 hrs= 12.4 days

test sample & preparation= 12@.O hrs= 50.0 days

total time = 5144.2 hrs= 214.3 &yS

or 7.0 months

After the existing s“pernate tIans fer to TK 30 and the above four batch traasfer to TK 26,

Tank 37 salt level of 212.8 inch will pass tieproject scope tanklevel of227 inches.

Batch #5 is shown br,low even though it is not required to meet the original project scope level

of 227 tichfi. The Tank 37 level after Batch 5 will ~ 19g.2 inches if Batch 5 is processed

step Hours
Batch #5 starting water salt total crystallized total ~b’ Water 210.6

,.. level,.. added dissolved supemate salt cake content Dissolution 532.8
depth (in) 212.133 40.0 16.67 5g.67 196.17 254. g Contingency 168.0
gallons 747045 140400 Sgsoo 205920 6gg545 894465 let Transfer 55.3

% 83.5% 15.7% 6.5% 23.0% 77.0% Ieo.o% Sampl&Prep. 240.0
net hours 210.6 532. g 55.3 transfer batch totsl (&y6) 50.3
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(Case 2) Mcdifid Demi~ Gradient with 25C Inhibited Water

Water to salt dissolution ratio = 2,4 to 1 % total time

M@ified Density Gradient ~i~ 2SC [W: 5.32 months total 100%
3.55 gpm dissol. rate; dissol. and contingency = 73.8 days 46%

a) initial salt cake leveI (average of 262” & 277”) ---------------- 269.50 inch
b) inhibited water batch = mgo~ of 10 Kgal &“k . . . . . . . . . . . . . . . . 8~ gallons per batch

inhibited water pumping to TK 37 (80 to 120 gpm) ----------------- 100 gpm ; Iwp=l.33 brs
total time of 1 batch IW ~ddltlon to TK 37 = lWt ------------------ 12 ‘brs
IW addition ------------------ 1 batch per 12 hr shift & 2 batches per day
total IW add hr needed/6et pumping hr = IWt/IWp = 12/1.33 ------- 9

equ[v. cOntLnUOUs[W addition ra~e= [Wt/IWp = 100 gpm/9 ---- 11,11 gpm
batch water add hrs= (40in*3510gal/in)/( 11.1 lgpm*60min/hr)= 210.6 hrs = 8.8 days

c) Jet transfer TK 37->TK 30 (Existing Decant Before Batch) 60 gpm (not Batch Case)
d) salt dissolution rate (gPm) 3.55 1.25 5.84 Avg of 25 % slurry pump rate

transfer to TK 26 (gPm) 12.05 4.25 19.86 and 1979 TK 10 data gives
total time (mon~~) 5.32 8.08 4.73 (5*0,25+5 .84)f2 = 3.55 gpm

Modified Density Gradient ~lti 25c IW: step
W

Hours
salt cake water salt total [iq or crystallized total

~xisting
Inhib’Water 0.0

+ dissolv. existing dissolved super*ate
depth (in)

salt cake content Dissolution 0.0
293.53 57.66 24.03 81.69 269.50 351.0 Contingency 0.0

gallons 1030278 202399 84333 286732 945945 1232010 Jet Transfer
%

77.7
83.6% 16.4% 6.8% 23.3% 76.8% 10Q.O%Sampl&Prep. 240.0

net hours 0.0 0.0 77.7 transfer batch total (&ys) 13.2

Batch #1,- Starting water salt total crystallized total [tib’ Water
level

210.6
added dissolved supema~ saIt cake content Disso+Tmsf 275.0

depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 Contingency 168.0
gallons 952965 1404Q!3 58500 205920

%
894465 110038$

86.6% 12.8% 5.3 % 18.7% 81.3% 100.0% Sampl&Prep. 240.0
net hours 210.6 275.0 275.0 transfer batch total (&yS) 37.2

Batch #2 starting water salt total
,,.. ,:

crystallized total Inhib;Water.
level

210.6
added dlssOlved Supemate

depth (in)
saIt cake. mntint Disso+Tms fj

256.83
275.0

40.0 16.67 .58.67 240.17 298.8 contingency 168.0
gallons 901485 140400 585W 205920 842985 1048905

% 85.9% 13.4% 5.6% 19.6% 80.4% 1CK3.0%SampI&Prep. 240.0
net hours 210.6 275.0 275.0 transfer batch total (days) 37.2

Batch #3 starting water salt total c~stfdlized total
level

Ifiib’water 210.6
added dissolved

depth (in)
su~matc salt cake content Disso+Tmsf 275.0

242.17 40.0 16.67 58.67 225.50 284.2 Conttigency 168.0
gallons 850005 140400 58500 205920 791505 997425

% 85.2% 14.1 % 5.9 % 20.6% 79.4% 100.0% Sampl&Prep. 240.0
net hours 210.6 275.0 275.0 transfer bamh tohl (&yE) 37.2 ,
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Step Hours
Batch #4 starting water salt total crystallized tobl fnbib’Water

level
210.6

added dissolved s“pemate salt cake
depth (in)

content Disso+Tms f
227.50

275.0
40.0 i6.67 58.67 210.83 269.5 Contingency 168.0

gallons 798525 1404W 585oo 205920 740025 945945
% 84.4% 14.8% 6.2% 21.8% 78.2% 100.0% Sampl&Prep. 240.0

net hours 210.6 275.0 275.0 transfer batch total (days) 37.2

(Case 2) Modified Densitv Gradient with 25C Inhibited Water

Tank Level at the End of Batch 4 = 210.8 +2 = 212.8 “ TK Lvl

Salt Cake Level’ R~”ced = 269.5 -210,8 = 58.7 “ TK Lvl

Total Itiibited Water us~= 56160f3 gallons = 160,0 “ TK Lvl

dissolution & transdfer time (a) 1100.1 hrs = 45.8 &yS
additional contingency time (b) 672.0 hrs 28.0 days
total dissolution, transf & contingency (a+b) = 73,8 days 1

inhibited water addition = 842,4 hrs = 35. I days

initial TK decant transfer time = 77.7 hrs = 3.2 days

test sample & preparation= 1200.0 hrs = 50.0 days

total tie = 3892.2 hrs = 162.2 &yS

or 5.3 months

After the eXiSting s“~~te ~~fe~ tO TK 313and the ~~ve fo~ batch ~a fer ~ TK 26,

Td 37 salt Ievel of 212.8 inch will pass the project swpe tank level of 227 inches.

Batch #/5 is shown blow even tkough it is not required to meet the original project scrip level.
of 227 inches. The Tank 37 level after Batch 5 will be. 198.2 inches if Batch 5 is processed

Batch #5
step Hours

starting water salt total Ct’ystaoized total Mb’ Water
level

210.6

,.. added dissolved SUpemate
depth (in)

salt cake content Disso+Tms f 275.0
212.83 40.0 16.67 58.67 196.17 254.8 Contingency 168.0

gallons 747045 1404m 5g50i3 205920 688545 894465
% g3,5% 15.7% 6.5% 23.0% 77.0% 100.0% sampl&Prep.

net hours
240.0

210.6 275.o 275.0 @amfer batch total (&ys) 37.2
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(case 3) Mcditicd Densi& Gradient with 50c Inhibited Water

Water to salt dissolution ratio = 2,4 to 1 % total time
M~itied Density Gradient with 50C [W: 4.87 months total 10Q%

5.05 gpm dissol. rate; dissol. and contingency = 60,2 &yS 41%
a) initiai salt cake level (average of 262” &,277”) ---------------- 269.50 inch
b) inhibited water batcb = * 80% of 10 Kgal ti”k ---------------- 8~ gallons ~r batcb

inhibited water pumping to TK 37 (8o to 120 gpm) -----------------
100 gpm ; [Wp=l.33 hrs

totil time of I batch [W additlo” to TK 37 = lWt ------------------ 12 .hrs
[W addition ------------------ I batch per 12 hr shift & 2 batches per &y
totil IW add hr needed/net pumping hr = IWt/IWp = 12/1,33 ------- 9
equlv. continuous IW addition rate= IWt/I Wp = 100 gpm/9 ---- 11.11 gpm
batch water add hrs= (40in*3510gal/in)/( I I. 1lgpm*60min/hr)= 210.6 hrs = 8.8 days

c) Jet transfer TK 37->TK 30 (Existing Decant Before Batch) 60 gpm (not Batch Case)
d) salt dissolution rate (gPm) 5.05 1.78 8.32 Avg of 25 % slurry pump rate,

transfer to TK 26 (gpm) 17.17 6.05 28.29 & TK1O test with 1.7% rise/”C
total time (months) 4.g7 6.81 4.45 (7.1*0.25+8.32)12 = 5.05 gpm

Modified Density Gradient with 50c [W: Step Hours
W salt cake water salt total Iiq or crystallized

E~i*iig
total Ifiib’Water 0.0

+ dissolv. t
depth (in) 293.53 57.66 24.03 81.69 269.50 I
gallons lo3027g 202399 84333 286732 9

% g3.6% 16,4% 6.g% 23.3%
net hours 0.0 0.0

existing

‘dissO’’ed’s”-

Batch #1 starting water salt total Crystallized total
level

tilb’ Water 210.6
added dissolved supemate

depth (i)
salt cake content Disso+Tmsf

271.50
193.1

40.0 16.67 58.67 254.83 313,5 Contingency 168.0
gallons 952965 1404fM 58500 205920 894465 11M385

% 86.6% 12.!3% 5.3% 18.7% 81.3% loi3.o% Sampl&Prep. 240.0
net hours 210.6 193.1 193.1 trmlsfer batch totaI (&yS) 33.8

Batch ~ starting water salt total cIystallimf total Itib’ Water
level

210.6
added dissolved supmate

‘depth (i)
salt ~ke mntent Disso+Tmsf 193.1

2S6. g3
,

40.0 16.67 58.67 240.17 298.8 Contingency 16g.O
gallom 901485 140400 58500 205920 842985. 1048905

% 85.9% 13,4% 5.6% 19.6% 80.4% 100.0% Sampl&Prep, 240.0
net hours 210.6 193.1 193.1 trmfer batch total (&y6) 33.8

Batch #3 starting water salt total crystallued total
level

~ib’ Water 210.6
added dissolvd

depti (i”)
supemate salt cake content Disso+Tmsf 193. I

242,17 40.0 16,67 58.67 225,5o 284.2 Contingency 168.0
gallons 85~5 140400 585oo 205920 791505 997425

% 85,2% 14,1% 5.9% 20.6% 79.4% 100.0% Sampl&Prep. 240.0
net hours 210.6 193.1 193.1 tramfer batch totnl (&yS) 33.8
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Step , Hours
Batch #4 shrting water salt total crystallize total Itilb’Water 210.6

level added dissolved Supmatc salt cake
depth (iII)

content Disso+Tmsf 193.1

227.5o 40.0 16.67 58.67 210.83 269.5 Contingency 168.0
gallons 798525 1404W 585oo 205920 740i325

%
945945

84.4% 14.8% 6.2% 21.8% 78.2% 100.0% Sampl&Prep. 240.0
net hours 210.6 [93.1 193. i transfer batch total (days) 33.8

[Case 3) Modified Densitv Gradient with 50C Inhibited Water

Tank Level at the End of Batch 4 = 210.8 +2= 212.8 “ TK Lvl

Salt Cake bvel Reducd = 269.5 -210.8 = 58.7 “ TK Lvi

Total Itilbited Water used= 56 l@O gallons = 160.0 “ TK Lv]

dissolution & transd fe, time ‘(a) 772,3 hrs = 32.2 days
additional contingency time (b) 672.0 hrs 28.0 days
total dissolution, trnnsf & contingency (a+b) = 1 60,2 days 1

inhibited water additlo” = 842.4 brs = 3S.1 days

initial TK decant transfer time = 77.7 hrs = 3.2 days

test sample & preparation= 12W.0 hrs = 50.0 days

total time = .3564.4 hrs = 148.5 &yS

or 4.9 months I

Atir the existing supernate tram fer @ TK 30 ~d tie akve four batch transfer to TK 26,

Tank 37 salt leVel of 212.8 inch will pass the projwt scope tank leveI of 227 inches.

Ba@h H is shown blow even though it is not required to meet the original project SCOpeleveI
of 227 fiches. The Tank 37 leVeI ~Rer Ba~h 5 will ~ 198.2 inches if Batch 5 is ‘prwessed.

step Hours
Batch #5 starting water salt total Crystanized tokl fnhib’Water 210.6

level added dissolved s“pernate salt cake content Disso+Tmsf 193,1

B
depth (in)

gallons

%
net hours

:Prep. 4240.0
33.8

w 168’0
batch total (&ys)
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(Case 4) Modhied Density (3radicnt witi 75c [fi,bited Water

Water to salt dissolution ratio = 2.4 to 1 % total time
Modified Density Gradient with 75c [W: 4.63 months total 100%

6.56 gpm dissol. rate; dissol. and contingency = 52.8 days 37%
a) initial salt cake level (ave~age of 262. ~277. ) _---. .._. ..-. ___ 269.50 inch’
b) itiibited water bztch = N80% of 10 Kg,] tank ---------------- 8~ gallons per batch

inhibited water pumping to TK 37 (80 to 120 gpm) ----------------- 100 gpm ; IWp= 1.33 hrs
tObl time of I batch IW ~ddltio” to TK 37 = [wt ------------------

IW addition --–. --- . . .._.._ –._
12 hrs

1 batch per 12 br shift & 2 batches per day
tota[ IW add hr needed/net pumprng hr = IWt/IWp = 12/1.33 ------- 9
equiv. continuous lW addition rate= lWt/lWP = [0(7gpm/9 ---- 1[.11 gpm
batch water add hrs= (40in*3510ga[/in)/(11. 11gpm*60min/hr)= 210.6 hrs = 8.8 davs

c) jet transfer TK 37->TK 30 (Existing Decant Before Batch) 60 gpm (not Batch Case)

d) salt dissolution rate (gPm) 6.56 2.33 10.80 Avg of 25 % slurry pump rate,
transfer to TK 26 (gPm) 22.32 7.91 36.73 & TKIO test with 1.7% risel”C
total time (months) 4.63 6.11 4.31 (9.3/4+10.804)/2 = 6.56 gpm

Modified Density Gradient with 75c [w:
W

Step Hours
salt cake water salt total Iiq or crystallized total Inbib’Water 0.0

Exisl~ng + dissolv. existing dissolved S“pernatc salt cake content Dissolution 0.0
depth (in) 293.53 57.66 24.03 81,69 269.50 351.0 Contingency 0.0
gallons 1030278 202399 84333 286732 945945 1232010 Jet Transfer

% 83.6%
77.7

16,4% 6.8% 23.3% 76,8% 100.0% sanlpl&Prep. 240.0
net hours 0.0 0.0 77.7 transfer batch total (&yS) 13.2

Batch #1..-, Stardng water salt total Crystallued total I&ib’Water
level

210.6
added dissolved Supmate salt cake

depth (in)
content Disso+Tmsf

271.50
148.5

40.0 16.67 58.67 254.83 313.5 Contingency
gallons

168.0
952965 1404m 58500 205920

%
894465 1100385

86.6% 12.8% 5.3 % 18.7% 81.3% lW.0% Sampl&Prep. 240.0
net hours 210.6 148.5 148.5 transfer batch total (hyS) 32.0

Batch #2 starting water salt total crystallized total Wb’Water 210.6 ~
level added dissolvd Supemate salt cake content Disso+Tmsf 148.5

depth (in) 256,83 .’40.0 16.67 58.67 240,17 298.8 Contingency 168.0
gallorm 901485 1404W 585W

%
?K15920 842985 1048905

85,9% 13.4% 5.6% 19.6% 80.4% 100.0% Sampl&Prep. 240.0
net hours 210.6 148.5 148.5 transfer batch tntal (&y,) 32.0

Batch #3 starting waler salt tohl crystallized total Inhib’ Water
level

210.6
added dissolved s“pemate

depth (in)
salt cake content Disso+Tmsf 148.5

242.17 40.0 16,67 58,67 225.50 284.2 Contingency 168.0
gallons 85~5 140400 58500 205920 791505

%
99742s

85.2% 14.1’% 5.9% 20.6% 79.4% 10Q.O%Sampl&Prep, 240.0
net hours 210.6 148.5 148.5 transfer batch totfd (days) 32.0
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step Hours
Batch #4 starting water salt total crystaIfii total Inhib’ Watir 210.6

level added dissolved supernale Salt cake Wntent DissO+Tmsf 148.5
depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 Contingency 168.0
gallons 798525 1404m 58500 205920 74002.5

%
945945

84.4% 14.8% 6.2% 21.8% 78.2% 100.0% Sampl&Prep. 240.0
net hours 210.6 148.5 148.5 transfer batch total (days) 32.0

(Case 4) Modified Densit~ Gradient with 75C Inhibited Water

Tank Level at the End of Batch 4 = 210.8 +2= 212.8 “TKLvI

Salt Cake Level Reduced = 269.5 -210.8 = 58.7 “TKLvI

Total Ifiibited Water Used= 561600 gallons = 160.0 “TKLvI

dissolution & transdfer time (a) 594.1 hrs= 24.8 days
additional contingency time (b) 672.0 hrs 28.0 days
total dissolution, transf& con[ingency(a+b)= I 52.8 days

inhibited water addition= 842.4 hrs= 35.1 days

initial TK decant transfer time = 77.7 hrs= 3.2 &yS

test sample & preparation= 1200.0 hrs= 50.0 days

total time = 3386,2 hrs= 141.1 days
or 4.6 months 1

After the etisting supmate transfer to TK 30 and the above four batch transfer to TK 26,

Tank 37 salt leveI of 212.8 inchwill pass theproject scope tank level of227 inches.

Batch M is shown below even &ough it is not ~quird to meet the original projeol swpe. level

of227 inches. The Ta~37]evela fiergatch5wi[[& 198.2 inches if Batch 5isprwessed.

step Hours
Batoh H-. Stnrdllg water salt totfd Crystillued total &b’ Water 210.6

level added dissolved supemate salt cake content Disso+Tmsf
deptk (in)

148.5

212, g3 40.0 16.67 58.67 196.17 254.g Condngency 168.0
gallons 747045 140-400 58500 205920 6g8545 894465

% 83. s% 15,7% 6.5% 23.0% 77.0% 100.0% Sampl&Pce.p. 240.0
net hours 210.6 148.5 14g.5 transfer batch tohl (&ys) 32,0
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(case 5)’One Flygt Mixer with MC Mbited wa~r

Water to salt dissolution ratio = 2.4 to 1 % total time
one Flygt Mixer witi xc IW: 5.89 months total Im%

3.00 gpm dissol. rate; dissol. and contingency =
82.2 days 46%

a) initial s1[[ cake level (average of 262” & 277”) . . . . . . . . . . . . . ..-
269.50 iKiCh

b) inhibited water batch = -80% of 10 Kgd tank ----------------
8~ gallons per batch

inhibited water pumping to TK 3’/ (8o to I’20 gPm) -----------------
1~ gpm ; IWp=l.33 hrs

tObl time of 1 batch [W addition to TK 37 = [Wt . . . . . . . . . . . . . . . . . .

IW addition ------------------
12 hrs

I batch ~r 12 h Shift & 2 batches per day
total IW add hr nwded/ne~ pumping hr = IWUIWp = 12/1,33 -------

9
equiv. continuous IW addi[ion rate= IWUIWp = 100 gpm/9 ----

11.11 gpm
batch water add hrs= (40in*3510gal/in)/( 11,1 lgpm*60mtih)=

210.6 bS = 8.8 &ys
C) Jet transfer TK 37->TK 30 and or TK 26

m gpm
used here low

d) salt dissolution rate (gPm)
high

3 ,Oil 2.m 4.M
total timo (months) 5,89 6.78 5.45

One Flygt Mixer witi 25c [w: step HoursDecant,- salt cake water salt total Iiq or crystallized
“Eii{ffigi’:: + dissolv.

total fnhib’ Water 0.0
ex~st,ng dissolved supemate

depth (in)
salt cake

293.53 57.66
content Dissolution

24.03
0.0

81.69 269.50 351.0 Contingency
gallons 0.0

1030278 202399 84333 286732 945945 1232010 Jet Transfer
% 83.6% 16.4% 6.8%

77.7
23.3% 76.8% lW.0% Sampl&Prep.

net hours 0.0 0,0
240.0

77,7 transfer batch tohl (&yS) 13.2

Batch #1 starting water salt total crystallized total Jnhib’Water
Ievel

210..6
added dissolved S“pmate salt cake

depth (in) conbnt Dissolution
271.50 40.0 16.67

325.0
58.67 2S4.83 313.5 Condngency 168.0gallons 952965 1404m 585W 205920 894465 11CQ385 Jet Transfer

% 86.6% 12.8% 5.3%
55.3

18.7% 81.3% 100.0% Sampl&Prep.net hours 210.6 325.0
240.0

55.3 transfer batchtotal (&ys) 41.6

starting water salt total
level

crystaIIi2ed total fnbib’Water 210.6
added dissolved S“pemk

depth (m)
salt cake content Dissolution

‘2S6.83 40.0 .16.67
325.0

58.67 240.17
galIOns 298. g contingency

901485 140400 585W
168.0

205920 842985 1048905 Jet Tramfer
% ‘85.9% 13.4% 5.6%

55.3
19.6% 80.4% 100.0% Sampl&Prep. 240.0net hours 210.6 32.5,0 55.3 transfer batch tOtfd (&yS) 41.6

Batch #3 starting water
level added

depth (in) 242,17 40.0 16.67 58.67 225.50
gallons 850005 140400 58500 205920

% 85.2% 14.1% 5.9% 20,6% 79.4%
net hours 210.6 325,0 55.3 tiamfer I batch total (&yS) 41.6 I

I dissolved I supcmate salt cake content Dissolution 325.0
I 284.2 contingency 168.0

791505 997425 Jet Transfer 55.3
% lm.o% Sampl&Prep, 240.0
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step Hours

Batch #4 starting water salt,.. total - crystallized total Inbib’Water 210.6
level added dissoIved su~~te salt cake content Dissolution 325.0

depti (in) 227.50 40.0 16.67 58.67 210.83 269.5 Contingency 168,0
gallons 798525 14040il 5850iI 205920 740025

%
945945 Jet Transfer 55.3

84.4% 14.8% 6.2% 21.8% 78.2% leQ,o% Sampl&Prep. 240.0
net hours 210,6 325.0 55.3 transfer batch total (days) 41,6

{Case 5) One Flvgt Mixer with 25C Inhibited Water

Tank Level at the End of Batch 4 = 210.8 + 2= 212.8 “ TK Lvl

Salt Cake. Level Reduced = 269.5 -210.8 = 58.7 “ TK Lvl

Total Itiibited Water Used= 5616@ gallons = 160.0 “ TK Lvl

dissolution & tmnsdfer time (a) 1300.0 hrs = 54.2 days
additional contingency time (b) 672.0 hrs 28.0 &yS
total dissolution, tmnsf & contingency (a+b) = 82.2 days

inhibited water addition = 842.4 hrs = 35.1 days

initial TK dwant transfer time = 298.7 hrs = 12,4 days

test sample & preparation= 1200.0 brs = 50.0 days

total time = 4313.1 brs = 179.7 days

or 5.9 months

After tie exisdng su~mate transfer to TK 30 and the akve four batch transfer to TK 26,

Tank 37 salt level of 212.8 inch will pass the project scow tank level of 227 inches,

Bakh #5 is shown below even though it is not required to meet the original project scope level

of 227 inches. The Tank 37 level after Batch 5 will & 198.2 inches if Batch 5 is prmessed.

step Hours
Batch #5 starting water salt total crystallized total Inhib’Water 210.6

level added dissolved supemate salt cake content Dissolution 325.0
depth (in) 212.83 40.0 16.67 58.67 196,17 254.8 Contingency 168.0
gallons 747045 14040il 58500 205920 688545 894465 Jet Transfer 55.3

% 83.5% 15.7%, 6.5% 23.0 % 77.0% leQ,o% Sampl&prep. 240,0
net hours 210.6 325.0 55,3 transfer batch total (&y,) 41.6
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(Cuse 6) TWOFlygt Mixers with XC Ambient fnbibitcd Water

Water tu salt dissolution mtio = 2.4 to 1 % tatal time
2 Flygt M~e~s ~th xc Am~I=at ~ 5.4 months total 100%

4.2 gpm dissolution rate; dissolution & mixing = 66.7 &yS 41%

a) initial salt cake level (average of 262” & 277’) = 269.50 hcb

b) tibited water batch = w 80% of 10 Kgi[ Qnk = 8000 gallons
tibited water pumping to TK 37 (80 to 120 gpm) = lfM gpm
net pumping time of one batch IW to TK 37 = IWp = 1.3 brs
number of IW batches per 12 br-shift = 1 batch pr shift
number of IW batches per &y = 2 batches per day
total time of 1 batch IW addition to TK 37 = [wt = 12 brs
total [W time needed/set pumping time = IWUIWp = 9

c) salt dissolution rate = ,. 4.2 gpm

d) jet transfer rate from TK 37 to TK 30 or TK 26 = 643 gpm
(60 to 100 gpm)

2 Flygt Mixers with 25C Ambient [W: Step Hours
Decant. .... salt cake water salt total liq or crystallized total Mb’ Water 0.0

;;&fiiMj’;: + dissolv, existing dissolved supemate sal~ cake content Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 ExtraMixing 0.0
gallons 1030278 202399 84333 286732 945945 1232010 Jet Transfer 77.7

% 43.6% 16.4% 6.8% 23.3% 76.8% 100.0%Sampl&Prep. 240.0
net hours 0.0 0.0 77.7 transfer batch total (&yS) 13.2

Batch #1 s tardng water salt total crystallized totsl fnhib’ Watsr 210.6
level added dissolved supemats salt cake content Dissolution

depti (ii)
232.1

271.50 40.0 16.67 58.67 254.83 313.5 ExtraMixing 168.0
galloxm 952965 140400 58500 205920 894465 1100385 Jet Trmfer

%
55.3

86.6% 12.8% 5.3 % 18.7% 81.3% 100.0% SampI&Prep. - 240.0
net hours 210.6 232.1 55.3 trmlsfer batch total (&ys) 37.7

Batch #2 Stm’ting water salt tutal Crystallized tutal Inhib’Water
s:s;~~3&~;#K*;**;,;><,.*<+::*?*,

210.6
level added dissolved Supmnate

Em)
salt Cske cuntent Di.ssoIution 232.1

256.83 40.0, 16.67 58.67 240.17 298.8 ExtrsMixius 168.0
gallons 901485 140400 58500 205920 842985 1048905 Jet Tr~fer

%
55.3

85.9% 13.4% 5.6% 19.6% 80.4% Im.o% Sampl&Pfep. 240.0
net hours 210.6 ‘222.1 55.3 trau5feI batch tutal (&y6) 37.7

Batch H Startiug water salt total Ccyshlliied tutaI fnbib’water 210.6
level added dissolved Supmte salt cake content Dissolution 232.1

depti (in) 242.17 40.0 16.67 58.67 22S.50 284.2 ExtraMixing 168.0
gauous 850005 140400 585W 2059m 791505 997425 Jet TrtuIs fer 55.3

% 85.2% 14. 1% 5.9% 20.6% 79.4Yo 100.0%Smnfd&Prep. 240.0
net hours 210.6 232.1 55.3 tramsfer batch titsl (&yS) 37.7
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Step Hows

W-W St’rting wakr salt tetsl Orystauii tatsl Inbib’Water

%.@%?%**i lcveI
210.6

added disso[vl%l Supcmstc salt mke CQntent Dissolution 232.1
depth (ii) 227.50 40.0 16.67 58.67 210.83 269.5 ExtrsMiig 168.0
gaUOm 7’985Z 140400 585m 205920 740025 945945 Jet Transfer

% 84.4%
55.3

14.8% 6.2% 21.8% 78.2% Im.o% Sampl&Prep. 240.0
net hours 210.6 232.1 55.3 transfer batch totsl (dSyS) 37.7

(Case 6) Two Flygt Mixers with 25C Ambient Inhibited Water

Tank Level at the End of Batch 4 = 210.8 +2= 212.8 “TKLv1

Salt Cake bvei Reduc~ = 269.S -210.8 = 58.7 “TKLvI

Total ~bited Water Used= 561~ gal[OtlS = 160.0 “TKLv1

dissolution with mixer (a) = 928.6 brs’=
extra mixing~) 672.0 b.rs
titsl mixer running time (a+b) =

38.7 &yS

28.o &y,

66.7 &yS

fibited water addition = 842.4 bIS= 35.1 dsys

jet transfer time = 298.7 bS= 12.4 &yS

test sample & preparation= 1200.0 hrs= 50.0 &ys

tohl time= 3941.7 brs= lM.2 days

or 5.4 months 1

After the existing supcrnate transfer to TK 30 and the above four batch trsnafer to TK 26,

Tti 37 salt level of 212.8 inch will pass the project smps tsnk level of 227 inches.

Batch #5 is shown blow even though it is not required to meet the originsl project smp level

of 227 inches. The T* 37 level ahr Batch 5 will bc 198.2 inches if Batch 5 is prcccs$sd.

M
Step Hours

g~y~:fy+ ‘:?
Watet Salt total Crystsuized total Mb’ Wrdcr 210.6

,..... .<..:..,..:>.:. added dissolved Supemste SrdtCske content Dissolution
&pth (in) 212.83 40.0

232.1
16.67 58.67 196.17 254.8 ExtraMixing 168.0

gauons 747045 140400 585CSI 205920
%

688545 894465 Jet Tr~ fer
83.5% 15.7%

55.3
6.5% 23.0% 77.0% 100.0% Sampl&Prep. 240.0

net hours 210.6 232.1 55.3 transfer batch totrd (&y6) 37.7
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(~se 7) One Flygt Miier with soc Hated Jnhibitcd Wakr

Water to salt dissoIutio~ ~stio = 2.4 tu 1 % total time
I Flygt Mixer with 50c Hcati ~ $.4 months total 100%

4.3 gpm dissolution rate; dissolution & mifig = 65.8 &~S 40%

a) fitial salt cake level (average of 262” & 277”) = 269.50 inch

b) inhibited water batch = -80% of 10 Kg&l tauk = 8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
net pumping time of one batch [W to TK 37 = IWp = 1.3 hrs
number of [W batches per 12 br-shift = 1 batch Pr shift
number of IW batches per day = 2 batches per &y
total time of 1 batch [W addition to TK 37 = IWt = 12 brs
total [W time ae.eded/net pumping time= IWtiIWp = 9

c) salt dissolution rale = 4.3 gpm

d) jet trausfer rate from TK 37 to TK 30 Or TK 26 = @ gpm
(60 to IW gpm)

:~y~g~’.l+,di~~o,v existing dissolved~upmate I salt cake content Dissolution 0.0
269.50 351.0 ExtraMitig 0.0

,5 1232010 Jet Transfer 77.7

76.8% 10Q,O%Sampl&Prep. 240.0
\net nours 0,0 0,0 77.7 tiansfer batch total (days) 13.2

1 Flygt Mixer with 50C Heated [W: Sbp Hours
Decant salt cake water salt total Iiq or crystallized I,.jBr ~~ total IInbib’Water 0.0

depti (in) 293.53 57.66 24.03 81.69
gallons 1030278 202399 84333 286732 94594!

% 83.6% 16.4% 6.8% 23.3%
.

Batch #l starting water salt total Crystallized totul Inhib’Water
level

210.6
added dissolvd Supruate

depth (i)
salt cab wntent Dissolution 226.7

271.50 .40.0 16.67 58.67 254.83, 313.5 ExtraMiig 168.0
gallom 952965 1404W 58500 205920 894465 1100385 Jet Tmfer 55.3

% 86.6% 12.8% 5.3 % 18.7% 81.3% 100.0 % Sampl&Prip. 240.0
net hours 210.6 226.7 55.3 transfer batch tutnl (&yS) 37.5

Batch #2 starting water salt tu631 Clyststi totsl Jnbib’~ater 210.6
level added dissolved Superuate

depth (ii)
salt cske cuntent, .,Dissolution

256.83
226.7

40.0 16.67 58.67 240.17 298.8 ExtraMtig 168.0
gallolls 901485 140400 58500 205920 842985 1048905 Jet Trausfer

%
55.3

85.9% 13.4% 5.6% 19.6% 80.4% 100.0% Sampl&Prep. 240.0
net hours 210.6 226,7 55.3 ~fer batch tuti (daya) 37.5

Batch #3 starting water salt tutal Crystalricd tutal fib’ Wakr
level

210.6
added dissolved Superuate salt mke Wntent Dissolution 226.7

depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 ExtraM~ 168.0
gauolls 85~5 1- 58500 205920 79150.5

%
997425 Jet Twfer 55.3

85.2% 14.1 % 5.9% 20.6% 79.4 % 100.0% Sampl&Prep. 240.0
net hours 210.6 226.7 55.3 trausfer batoh tutal (dsys) 37.5
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Sbp Hours

W “ watar salt totsl Crystslfii ub’Wate.r 210.6
$&#*j:~yq# ‘;?

tcltrd
“added disso[vd Supc.rnatc salt cake Mntint Dissolution 226.7

depth (ii) 227.50 40.0 16.67 58.67 210.83 269.5 ExtiMtig 168.0
gallons 79852S 1404m 58500 205920 7400Z 945945 Jet Trmfer

%

55.3

84.4% 14.8% 6.2% 21.8% 78.2% 100.0% Sampl&Prep. 240.0
net hours 210.6 226.7 55.3 transfer batch total (&ys) 37.5

fCase7) One Fly FtMixer with 50 Cheated Ifilbited Water

Tank Level at the End of Batch 4 = 210.8 + 2= 212.8 “ TK Lvl

Salt Cake Level Reduced = 269.5 -210.8 = 58.7 “ TK Lv[

Totsl fnbibited Water Used= 561600 gallons –— 160.0 “ TK Lv1

dissolution with mixer (a) = 907.0 hrs = 37.8 &yS
extra mixing @) 672.0 kS 28.0 days

total mixer running time (a+b) = 65.8 &yS

inhibited water addition = 842,4 bIS = 35.1 days

jet traasfer time = 298.7 kS = 12.4 &ys

test sample & preparation= 1200.0 hrs = 50.0 dsys

totsl time= 3920.1 hS = 163.3 &y&
or 5.4 months

After the exisdng supemate transfer to TK 30 and the above forrrbatch trsnsfer tn TK 26,

Tsak 37 salt level of 212.8 inch will pass the project sti~ tsnk Ievel of 227 inches.

Batch #’5 is shown bIoW CVen thou@ it is not ~q”ird to meet the origina3 project scope Ievel

of 227 inches. The Tsnk 37 level stir Batch 5 will be 198.2 inch= if Batih 5 is pr-ied.

step Hours

.,..W Stsrdrlg water salt totsl Clystslfized btsl fnbib’Water 210.6
$.y,x~~
. ... ...... . level added dissolved Supemte salt mke mntent Dissolution

depth (i)
226.7

212.83 40.0 16.67 58.67 196.17 2S4.8 ExlraMtig 168.0
gallom 747045 140400 58500 205920 688545 894465 Jet Trsnsfer 55.3

% 83.5% 15.7% 6.5% 23.0% 77.0% lm.o% Sampl&Prep. 240.0
net hours 210.6 226.7 55.3 trsnsfer batch totrd (&ys) 37.5
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(GSCg)one sl~ Pump with 25C Ambient fnhibitcrf Water

Wa@r to saft &501utioa ~atio ~ 2.4 to 1 % total he
1 S1~ tip with 25C Ambient IW 5.2 months total 100%

5 @m dissolution rate; dissolution & mixing = 6il.5 days 38.3 %
a) fitia[ salt cake level (average of 262” & 277’) =

269.50 illCh
b) inhibited water batch= -80% of 10 Kgal tank=

8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) =

1~ gpm
net pumping time of one batch IW to TK 37 = IWp =

1.3 Irrs
num~r of IW batches pr 12 ~-sbiti =

1 batch per shift
number of IW batches ~r day .

2 batches per day
tOta[ time of 1 batch [W addition to TK 37 = IWt =

12 brs
tOtal IW time neededlnet pumptig time = IWtlIWp =

9

c) salt dissolution rate =

d) Jet transfer rate from TK 37 to TK 30 or TK 26 =
(60 to 100 gpm)

5 gpm

60 gpm

1 Slurry Pump with 25C Ambient IW:
,,r ,,.

step Hours
salt cake water salt~;~~~~~~:$: + di~~o,v, total Iiq or crystallized total fnbib’Water 0.0

existing dissolved Supemate
depth (ti)

salt cake
293.53 57.66

content Dissolution 0.0
24.03 81.69 269.50 351.0 ExtraMixing

gallons 1030278 202399
0.0

84333 286732 945945 1232010 Jet Transfer
% 83.6% 16.4%

77.7
6.8% 23.3% 76.8% 100.0% Sampl&Prep. 240.0net hours 0.0 0.0 77.7 Wansfer batch total (&yS) 13.2

Batch #l starting water
Ii:::;:$,<***xi:;

salt total Crystauized
~ level

total fnhib’Water 210.6
added dlsso[ved Supemte salt cake content Dissolution

depth (in) 271.50 40.0
195.0

16.67 58.67 254.83 313.5 ExtraMtig 168.0gauons 952965 140400 58500
%

205920 894465 1100385 Jet Transfer
86.6% 12.8 % .’

55.3
5.3 % 18.7% 81.3% lm.o% Sampl&Prep, 240.0net hours 210<6 195.0 55.3 tr8nsfer batch total (days) 36.2

Batch #2 sta~ Water
~.,.’~1::..,.:,k.:,,.,,.,:,;:,:,:,; salt total
l:>l,.:.:.:.,...,,..,..,..:,;;.:,;,;. Crystallized totaf hddb’Water
~ ...........<.<....’..::. level

210.6
added dissolved ‘Supenlate.

&pth (i)
salt & c4rntent. Dissolution

2S6.83 40.0 — — — —
195.0

16.67 58.67 240.17 298.8 Extr-gauolls 901485 140400 5851XI
168.0

205920 842985 1048905 Jet Transfer
% 85.9% 13.4% 5.6%

55.3
19.6% 80.4% 100.0% Sampl&Prep. 240.0net hours 210.6 195,0 55.3 transfer batch total (&ys) 36.2

Batch W Stafig water salt total Ctystauiied total hddb’ Water
level

210.6
added dissolved Supemte salt cake

depth (in) 242.17
mntent Dissolution

40.0 16.67
195.0

58.67 225.50 284.2 ExkaMixiug 168.0gauolls 85CQ05 140400 585M 205920
%

791505
85.2%

99742s Jet Transfer
14.1%

55.3
5.9 % 20.6% 79.4% 100.0% sllmpl&Prep. 240.0

net hours 210.6 195.0 55.3 @-fer batch totad (&ys) 36.2
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step Hotis

- Startiug water saIt total Crystaw tofaI rrrfdb’Water 210.6
‘ #:- Ievel added dissolvd Supsrustc. salt cake content Dissolution 195.0

depth (ii) 227.50 40.0 16.67 58.67 210.83 269.5 ExtraMixins 16S.0
gauoru 79852S 1404W 585M 205920 740025 945945 let Trarrafer 55.3

% 84.4% 14.8% 6.2% 21.8% 78.2% lCQ.0%Sampl&Prep. 240.0
net hours 210.6 195.0 55.3 transfer batch tuti (dSy6) 36.2

[Case 8) One Slur~ Pum~ with 25C Ambient Inhibited Water

Tarrk Level at the End of Batch 4 =

Salt Cake Level Reduced =

Total Irrhibitd Water Used=

dissolution with pump (a) =

extra pump nm tig @) .

total pmrrp rurr mixing time (a+b) =

inhibited water ad{,tion =

jet traur.fer time =

test sample & preparation=

210.8 + 2 = 212.8 ‘uTK Lv1

269,5 -210.8 = 58.7 mTK Lvl

561W gallons = l@.O “ TK Lvl

780.0 hrs =

672.0 hIS

32.5 dsy8

28.0 &yS

I 60.5 &ys 1

842,4 hrs = 35.1 &ys

298.7 hcs = 12.4 &yS

12m.o brs = 50.0 &ys

total time. 3793.1 brs = 158.0 &yS

or 5.2 monti

After the existiug auperuate transfer to TK so and tie above four babh tmnafer to TK 26,
Tank 37 salt level of 212,8 inch will pass the project ssope W level of 227 inches.

Batch #’5is showu bslow eveu though it is uot r~uirti to meet the original project smpe level
Of227 bch~. me T~ 37 leveI afir Ba@h5 ~ill ~ 198.2 irrchw if Batch 5 is pr-sed.

step Houm
water Sdt totxl crys- total Irddb’Water 210.6
added dissolved Supernate aa2th

depth (in)
mntent Dmsolution 195.0

212.83 40.0 16.67 58.67 196.17 2S4.8 Extrtitig 168.0
gauous 747045 1404m 5a5m 20S920 688S45 894465 Jet Transfer

%
55.3

83.5% 15.7% 6.5% 23.0% 77.0% lm.o% Sarrrpl&Prep. ~. O-
net hours 210.6 19s.0 55.3 trurrafer batch total (days) 36.2
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(Gse 9) Three Flygt Mkers with 25C Ambient Temperature ~bitccf Water

Water to salt dissolution ratio = 2.4 to 1 % towl time

3 Flygt Mixers with 2SC Ambient ~. 5.1 monk tital lm %
5.2 gpm d[ssolrrtion ratq dissolution & mitig = 59.3 days 37.8%

a) ini~ial salt cake level (average of 262” & 277-) = 269.50 inch

b) inhibited water batch = -80% of 10 Kgal tank= 8~ gallons
tibited water pumping to TK 37 (80 to 120 gpm) = lW gpm
net pumpkg time of one batch fw to TK 37 = IWp = 1.3 Irrs
number of [W batcha per 12 br-shift = i batch Wr shift
numkr of IW batches pr &y = 2 batches per day
total time of 1 batch [W add’tion to TK 37 = [wt = 12 hrs
total [W time ntied/net pumping time = IWUIWp = 9

c) salt dissolution rate = 5.2 gpm

d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
(60 to 100 gpm)

3 Flygt Mixers with 2SC Ambient [W: step Hours
_ salt cake water salt totii liq or crystallized total fib’Water 0.0

:E:i$f:@g, + dissolv. existing dissolved su~mate salt cake content Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 ExtraMitig 0.0
gallons 1030278 202399 84333 286732 945945 1232010 Jet Transfer 77.7

% 83.6% 16.4% 6,8% 23.3% 76.8% lQO.0%Sampl&Prep. 240.0
net hours 0.0 0.0 77.7 tiansfer batch total (&yS) 13.2

Batch #1

I

starting water salt total Ct’ystauiid total Jnhib’Water 210.6
level added dissolved Supmate salt cake Wntent Dissolution— 187.5

3 313.5 ExtraMltig 168.0

5 11M385 Jet Transfer 55.3B
depth (i)

gauom

%
net hours

100.O%lSampl&Prep.

~batch total (&yS) --l240.0
35.9

Batch ~ starting wakr salt totil crys,~ total Jnbib’Wakr 210,6
Ievel added dissolved Supmte

depth (m)
salt cake content. Dissolution 187.5

2S6.83 40.0 16.67 58.67 240.17 298.8 Extrrdvfiig 168.0
galfom 901485 140400 58500 205920 842985 1048905 Jet Transfer

%
55.3

85.9 % 13.4% 5.6% 19.6%* 80.4% ICK3.0%Samp~&Prop. 240.0
net hours 210.6 187.5 55.3 “-fer, batch tew (&yS) 35.9

Batch M starting watir salt total cr-y6taui2d total Jnhib’Water 210.6
level added dissolved Suprrlate salt cake mntent Dissol”tioa lg7.5

depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 ExtraMixing 168.0
gaUOm 85~S 140400 58500 205920 791505 997425 let Trwfer

%
55.3

g5.2% 14. 1% 5.9% 20.6% 79.4 % 100.0% Sampl&Prep. 240.0
net hourg 210.6 187.5 55.3 tifer batch total (&y6) 35.9
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step
W s~m

Hours

Wakr salt total Crystslfized
~:~~~ [eve,

totnl JnhiV Water 210.6
addd dissolved Supcmate salt mke con~nt Dissolution

227.50 40.0
187.,5

16.67 58.67 210.83 269.5 ExtraMixing
gaUOns

168.0
798525 1404m 58500 205920 740025 945945 Jet Trsnsfer

% 84.4%
55.3

14.8% 6.2% 21.8% 78.2% 100.0% SampI&Prep, 240.0
net hours 210.6 187.5 55.3 transfer batch total (&yS) 35.9

(Case 9) Three Fly M Mixers with 25C Ambient Temperature Inhibited Wate

Tsnk bvel at the End of Batch 4 = 210.8 +2= 212.8 ““TKLvI

Salt Cake tivel Rsducsd = 269.5 -210.8 = 58.7 “TKLv1

Total fnhibited Water UseiI= 561m gal[ons = 160.0 “TKLv1

dissolution with mixer (a) = 750.0 hrs= 31.3 &ys
extra mitig (b) 672.0 bIS 28.0 &y5
total mixer r’mrning time (a+b) . 59.3 &ys

inhibi~ water ad~tion = 842.4 hS = 35.1 days

jet transfer time = 298.7 hS = 12.4 &yS

tist sample & preparation= 1200.0 brs = 50.0 days

total time = 3763,1 bIS = 156.8 &yS
or 5.1 months

Atir the existing kupema~ tmnsfer te TK 30 snd the abuve four batch trmrsfer to TK 26,

Td 37 salt level of 212.8 inch will paas the project awpe tank level of 227 ieches.

Ba@h #S is shown below even though it is not required tu meet the originsl projmt scope level
of 227 inches. The Tank 37 level after Batch 5 will ‘b 198.2 inchm if Batch 5 is prucessed.

“’ step Hours
Batch#5 I starting water I salt..:.*{?:.<,*fx:#<:,~ I total mystsuiied totnl lInhib’ Water 210.6

N!:?::i<,.>,,,*,>

depth (in) 212.83 40.0 16.67 58.67 196
gallons 747045 140400 585W 205920 688545

% 83.5% 15.7% 6.5% 23.0% 77.0% 100.0 % SmnpI&Prep. 240.0
net hmrrs 210.6 187.5 55.3 transfer batch btal (@ys) 35.9
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(OSC10)One Flygt Mixer with 75C Hated Ubiti Water

Watir to salt &solution ratio = 2.4 to I % total time

1 Flygt Mixer with soc H~tcd JW: 5.1 months total 103%
5.6 gpm dissolution rate.; dissolution & mixing = 57.0 days 37%

a) titial salt cake level (average of 262” & 277”) = 269.50 inch

b) inhibited water batch = w80% of 10 Kgil tank= SW gallons
inbibiti water pumping to TK 37 (80 to 120 gpm) = 100 gpm
net pumping time of one batch fw to TK 37 = IWp = 1.3 brs
number of IW batches per 12 br-shift = 1 batch pr shift
number of IW batch= per &y = 2 batches per &y

ta~l time of 1 batih IW ad~xtion to TK 37 = IWt = 12 hrs

total IW time needed/net pumping time = IWt/IWp = 9

c) salt dissolution rate = 5.6 gpm

d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm

(60 to 100 gpm)

1 Flygt Mixer with 50C Hwted IW: Step Hours
m salt cake water salt total Iiq or crystallized total Inhib’ Water 0.0

.f:!;isHx@’g:/;:+ tilssolv. existing dissolved supemate salt cake content Dissolution 0.0
depti (in) 293.53 57.66 24.03 81.69 269.5.0 351.0 ExtraMixing
gallons

0.0
1030278 202399 84333 286732 945945 1232010 Jet Transfer 77.7

% 83.6% 16.4% 6.8% 23.3% 76.8% 100.0% Sampl&Prep. 240.0
net hours 0.0 0.0 77.7 tiansfer batch total (days) 13.2

Batch #1 starting water salt total Crystrdlized total Jnhib’Water 210.6
level added dissolved supemate salt mke content Dissolution 174.1

&epth (ii) 271.s0 40.0” 16.67 58.67 2S4.83 313.5.ExtraMixing 168.0
gallons 952965 140400 58500 205920 894465 11Ca3385 Jet Tranafer

%
55.3

86.6% 12.8% 5.3 % 18.7% 81.3% 100.0% Sampl&Prep. 240.0
net liorus 210.6 174.1 55.3 hnnafer batch total (&y6) 35.3

Batch #2 Stactblg water salt total Crystauiied total ~b’Wa~r 210.6 ]
level added dissolved Supenlab salt cake CQntent Dissolution 174. i

depth (in) 256.83 40.0 16.67 58.67 240.17 298.8 ExtraMtig 168.0
gauom 901485 14Mm 5$500 205920 842985 1048905 Jet Trti fer 55.3

% 85.9% 13.4% 5<6% 19.6% 80.4% 100.0% SanrpI&Prep. ,?40.0
@ hmrr6 210.6 174.1 55.3 trafer batch b@I (days) 35.3

Batch M starting water salt total Crystauiied total Inhib’ Water 210.6
Ievel added dissolved Supernate

depth (m)
salt cake mntent Dissolution 174.1

242.17 40.0 16.67 58.67 ‘225.50 284.2 ExtraMixing 168.0
gallolla 85~5 140400 58500 m59m 791505 99742s Jet Twfer 55.3

% 85.2% 14.1% 5.9% 20.6% 79.4% 100.0% S~l&Prep. 240.0
net hours 210.6 174.1 55.3 tr=fer batch toti (&y6) 35.3
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n~~ level-I addrd I di,s~;d I su~~k I saItcake I cQniut Dissolution 174.1
269.5 ExtmMiig 16$.0

[5 let Tramfer 55.3
1.2%1 100.0% Sampl&Prep. 240.0

net hours 210.6 174.1 55.3 transfer I batch totai (&yS) 35.3

step Hours

Batch #4 I sti@ I War.cr I salt I totnl I Clystrdlizcd I
::;?,>~<\:/i

totnl {Mb’ Water 210.6
W!j:,

depth (in) 227.50 40.0 16.67 58.67 210.83 I
gallons 798525 1404W 585CQ 205920 74CQ25I 94594!

% 84.4% 14.8% 6.2% 21.8% 78

(Case 10) One Flv~t Mixer with 75C Heated Ifilbited Water

Tank ~vel at the End of Batch 4 = 210.8 +2= 212.8 “ TK Lvl

Salt Cake Level Reduced = 269.5 -210.8 = 58.7 “ TK Lvl

Totcl Inhibited Water Used= 561~ gallons –— 160.0 “ TK Lv1

dissolution with mixer (a) = 696.4 hIS = 29.0 &yS

extra mixing (b) 672.0 bS 28.0 dCyS
tOtal mixer nmning time (a+b) = 57.0 days 1

inhibited water addition = 842.4 hS = 35.1 dsys

jet tramfer time= 298.7 hIS = 12.4 &yS

test sample & preparation= 12W.O brs = 50.0@ys

total time = 3709.5 hrs = 154.6 &ys

or 5.1 months

After the exisdng supernate&amfer to TK 30 and the akve four batch transfer te TK 26,

~~Tmdr 37 saIt level of 212.8 inch ti psss the project smpe tank leveI of 227 inches.

Batch M is show below even tfMu@it k not rqtirti te meet the original projectsmpe level
of 227 inches. The Tti 37 level afterBstch 5 will be 198.2 inches if Bstch 5 is processed.

step Ho-
=5$ s~a Wabr salt tetnl crystallized tetal Irrhib’Water

!*~;*3~*~1.
210.6

level added dissolved Supenrstc salt cake
depth (in)

centent Dissolution 174.1
212.83 40.0 16.67 58.67 196.17 2S4.8 RxtraMixing 168.0

galzorls 747045 140400 58500 205920 6S8545 894465 Jet Transfer
%

55.3
83.5% 15.7% 6.5% 23.0% 77.0 % 100.0% Sanrpl&Prep. 240.0

net hours 210.6 174.1 55.3 tifer batch tetrd (dsys) 35.3

/
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TANK 37H DISSOLUTION CYCLE ANALYSIS.
(Case 11) TWOflygt Mixers witi SOC Hmw Jnhibitcd ~R@r

Water to salt di5s01uti011r~tic,= 2.4 to 1 % tohl time

2 Flygt Mixers with 50C HcaM ~ 5.0 month.r total 100%

6.1 gpm dissolution rate; dissolution.& mixing = 54.6 &yS 36%

a) initial salt cake level (average of 262” &.277”) = 269.50 iUCh

b) inhibited water batch = *80% of 10 Kgal tank= 8000 gallons

inhibited water pumptig to TK 37 (80 to 120 gpm) = LOO gpm

net pumpiug time of one batch [W to TK 37 = fwp = 1.3 ,hs

numkr. of IW batches Wr 12 br-shift = 1 batch per shift

number of IW batches per &y = 2 batches per &y

total time of I batcb IW add[tion to TK 37 = IWt = 12 brs

total [W time nded/net pumpkg time = tWtAWp = 9

c) salt dissolution rate = 6.1 gpm

d) jet transfer rate from TK 37 to TK 30 or TK26 = ~ gpm

(60 to lW gpm)

2 Flygt Mixers with 50C Heated IW: Step Hours

Dwant salt cake water I salt I total Iia or ] crystallized ] total lInbib’ Water 0.01

~~~titi?]+ dissolv. I r.xisti, I dissolved I suue~ate ] ~alt cake cOntent Dissolution

H

0.0
50 351.0 ExtraMixing 0.0

45 123~ 10 Iet.Transfer 77.7
depth (in) 293.53 57.;6 24.03 - 81.69 269.5
gallons 1030278 202399 84333 286732 94594.

% 83.6% 16.4% 6.8% 23.3% 76.8% l&preP. 240.0 I

net hours 0,0 0.0 77.1 transfer I batch total (&yS) 13.2J

Batch #1 starting water salt total Crystsllizd total J.nbib’Water 210.6

leveI added dissolved Supemtc? salt cake Wntent Dissolution 159.8

depth (i) 271.50 40.0 16.67 58.67 2S4.83 313.5 ExtraM@ 168.0
gallona 952965 1404m 585m 205920 894465 ll@385 Jet Transfer 55.3

% 86.6% 12.8% 5.3 % 18.7% 81.3.% 10Q.O% Sampl&Prep. 240.0
net hours 210.6 159.8. 55.3 -fer bakh tutat (days) 34.7

Batch #2 Stacting wakr salt tetsl Clystsllized totsl Jnbib’Water 210.6
,.<?::2;;s.!:?::ij!::,m.,,::;;:,.,+,:,$<:r=level added dissolved su~mste salt mke CQntemt DkwIution 159,8

& 256.83 40.0 16.67 58.67 240.17 298.8 MtrsMii 168.0
gallons 901485 Im 58500 205920 842985 1048905 Jet Transfer 55.3

% 85.9 % 13.4% 5.6% 19.6% 80.4% 100.07 0 SanrpI&Prep. 240.0
net hours 210.6 159.8 55.3 trsnsfer batch tutal (dsys) 34.7

—, —. , . .. . , .–<__.–..—-—,Batch #3 I Stntiv I Wak., I salt I tntsl I Crvs&lLiid I tat81 Jnbib’water 210.6

eat Dissolution 159.8

t 9.UA7 Rxh~ 168.0

t. Transfer 55.3

leveI added dissolved supe~te salt cake conte
depth (in) 242.17 40.0 16,67 58,67 22s .50 . . . .. . ..
gauom 85~5 lW 58500 205920 791505 997425 Jet _____

% g5.2% 14.1% 5.9% 20.6% 79.4% 100.0% Sau3pl&Prep. M.O
net hours 210.6 159.8 55.3 mf%r batch totn3 (&ys) 34.7
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step Hours

~m% S~@ wakr salt tutal c~stillizcd total tib’W8ter

*.XS.:. level
210.6

addd dissolvd Supnlate salt cake
depth (ii)

Wntcnt D1ssOlutiOn
227.50

159.8
40.0 16.67 58.67 .21,0.83 269.5 ExtrsMii 168.0

gallons 798525 140400 585Ca3 205920 740025 945945 let Trwfer
%

55.3
84.4% 14,8% 6.2% 21.8% 78.2% 100.0% Sampl&Prep. 240.0

net hours 210.6 159.8 55.3 transfer batch total (&ys) 34.7

fCase ll)Two Flvgt Mixers with 50 CHeatd Inhibited Water

Tank Level at tie End of Batch 4 = 210.8 +2= 212.8 “ TK Lvl

Salt Cake Level Reduced = 269.5 -210.8 = 58.7 “ TK L,v1

Total Inhibited Water Used= 561600 gallons = 160.0 “ TK Lvl

dissolution with fixer (=) = 639.3 hS =
extra mixing (b) 672,0 bS
tutal mixer nlnning time (a+b) =

26.6 &yS

28.0 &yS

54.6 &yS 1

inhibited water addition = 842.4 hS = 35.1 days

jet transfer time = 298.7 hS= 12.4 &yS

test sample & preparation= 12m.o brs = 50.0 days

total time = 3652.4 bS = 152.2 hys
or 5.0 months

After the existing su~~~ ~~fer @ TK 30 ~d &e ~~ve fO~ ba~h ~Wfer tO TK 26,

Td 37 saIt level of 212.8 inch will pass the project SWF ti level of 227 inchw.

Batch fi is show below even thoughit is not rcqukd to meet tbe original project swpe ieVel
Of227 inches. me T~.37 leve[ ~fir Ba~h 5 wiu & 198.2 hchw if Batih 5 is pr~sed.

step
..,..-,:,,, Stard.rlg

Hours
water Sslt tutal mystew tatal lrddb’Water 210.6

level added dissolved Supemste
depth (ti)

Sdt Cske mntent Dissolution 159.8
212.83 40.0 16.67 58.67 196.17 2S4. 8 13xtmMixiilg 168.0

gallons 747045 1404M 58500 205920 688545 894465 Jet Trausfer
%

55.3
83.5% 15.7% 6.5% 23.0% 77.0% 100.0% Sampl&Prep. 240.0

nd hours 210.6 159.8 55.3 ~fer batch @.ti (&yS) 34.7
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TANK 37H DISSOLUTION CYCLE ANALYSIS,
(~s. 12) On. Slurry Pump with 50C HcaM m~~ Water

Water to salt dissolution ratiO = 2.4 to 1 % total time
I SIUrry Mmp with S(3CHat~ [W: 4.9 months total too %

7.1 gpm dissolution ratq dissolution & mixing = 50.9 days 34.3 %

a) titiaI salt cake level (average of 262” & 277”) = 269.50 illCh

b) inhibited water batch = -80% of 10 Kgal tank= 8~ gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
net pumping time of one batch fw to TK 37 = IWp =

1.3 .brs
number of IW batches ~r 12 ~-shift = 1 batch per shift
number of IW batches per &y =

2 batches per day
total time of 1 batch [W addition to TK 37 = IWt =

12 brs
total IW time nded/net pumping time = IWt/IWp =

9

C) Salt dissolution *a@= 7.1 gpm

d) jet transfer rate from TK 37 to TK 30 or TK 26 =

(60 to 100 gpm)
60 gpm

1 SlurW Pump with SOC Heated IW: Step
M

Hours
salt cake water salt total Iiq or c~stallizedggyf~ii: + ~i~~o,v, total tib’ Water 0.0

exisdng dissolved
depth (i)

su~mate salt cake
293,53

content Dissolution
57.66

0.0
24,03 81.69 269.50 351.0 ExtraMixing 0.0

gauom 1030278 202399 84333 286732 945945 1232010 Jet Tramfer
% 83.6%

7-7.7
16.4% 6.8% 23.3% 76.8% 100.0% SampI&Prep. 240.0

net hours 0.0 0.0. 77.7 transfer batch total (&yS) 13.2

Batch #l starting water salt total
i.f?<j?;~;*$,$i:*;’

crystallized
level

total Ub’ Water 210.6
add~ dissolved Supmnate saIt cake

depth (i) 271.50
content Dissolution

40.0
137.3

16.67 58.67 Z4.83 313.5 ExtraMixing 168,0gauom 952965 1404CH3 58500 205920 894465 1100385 Jet Trmfer
% 86.6%

55.3
12.8% 5.3 % 18.7% 81.3%

nti hours
100.0%Sampl&Prep. ~.O

210.6 137.3 55.3 Wfer batch @tal (&yS) 33.8

Batch #2 starting 1

level
depth (ii) 256.53 \ 40.0 16.67 58.67 ?AO.17
gauom 901485 I 140400 58500 205920

% 85.9%1 13.4% 5.6 % 19.6% 80.4!
net hours 210.6 137.3 55,3 ttnnsfer I batch total (tiy6) 33.8 I

water salt total crystallized tital Inhib’Water 210,6
:1 ~. added dissolved Supenlate salt mke. .- mntent Dissolution 137.3

1 298.8 ExtrnMixing 168.0
842985 1048905 Jet Trwfer 55.3

% 10Q.O%Sampl&Prep. 240.0

Batik ~ starting water salt total Cryskuud
level

total Inbib’Water 210.6
added dissolved Supeanale salt cake

depth (in) 242.17
wntent 13issoIution

40.0
137.3

16.67 58.67 22s.50 284.2 ExtraMixing
gallons 850005 Im

168.0
5850i2 205920 791505

%
997425 Jet Tmfer

85.2% 14.1%
55.3

5.9% 20.6% 79.4% 100.0% S~pl&Prep. 240.0
net hours 210.6 137,3 .55.3 tr~fer batch total (days) 33.8
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step HOW

........-%.. s~~g wa~r
2x::,.:,:;::fikwL-r

salt totnl Crystaw total Jnbib’Water 210.6.
level sdded dissolvui Supcrnatc salt mke Wrltent Dissolution 137.3

depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 33xtlnMixirlg 168.0
gallom 798525 14MW 585W 205920 74002s 945945 Jet Trafer 55.3

% 84.4% 14.8% 6.2% 21.8% 78.2% 100.0%Sampl&Prep. 240.0
net hours 210,6 137.3 55.3 transfer batch total (&yS) 33.8

(Case lz)Oneslur~ PurnDWith sOc Heatti Ifiibit~ water

Tank hvel at the End of Batch 4 =

Salt Cake bvel Reduced =

Total Mbited Water Used=

dissolution with pump (a) =

extra pump run mixing ~) .

total pump N mixing time (a+b) =

inhibited water addition =

jet tramfer time =

test sample & preparation=

210.8 + 2= 212.8 ““TK Lv1

269.5 -210.8 = 58.7 “ TK Lvl

561600 gallons = 160.0 “ TK Lvl

549.3 bIs = 22.9 &yS

672.0 ~S 28.0 &yS

r 50.9 &ys 1

842.4 hS = 35.1 days

298.7 bIS == 12.4 &yS

1200.0 brs = 50.0 &ys

total time = 3562.4 hS = 148,4 &ys

or 4.9 monti

After the existing su~m~ ~~fer to TK 30 ~d he ~~ve fow bst~h &mfer ~ TK 26,

Tank 37 salt level of 212.8 inch will pass the project smpe W IeveI of 227 inches.

Batch #5 is shorn below eve.n’thou~ it is not required b meet the originsl prOjWt SWpe !eVel

Of 2’27 inches. ne T~ 37 Ievel ~fir Ba@h 5 ~iu ~ 198.2 inches if Batch 5 is processed.

step Hours
- Stse Wakr

$=;;+.,..:..........,.,::;.,..,~<~:~ salt tatal Olystsuized tots3 Jrrhib’Water 210.6
level added dissolved Superrlate 6alt cab Wntent Dissolution 137.3

depth (in) 212.83 40.0 16.67 58.67 196.17 2S4. 8 ExtraMixine 168.0
gallons 747045 1404W 585W 205920 68854

% 83.5% 15.7% 6.5% 23:0% 77.0%1 100.O%lSampl&Prep. 240.0
net hours 210.6 137.3 55.3 k~fer I bstch tots3.(&jS) 33.8

~\Jet Transfer 55.3
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(~se 13)ThreeFlygtMkemwith 50c Haw fnhibiti Water

Water @ mIt dkisOItitiOnratio =
2.4 m 1 % total time2 FIygt Mixers witi 50C Heated W

4.8 months to~l 100%7.4 gpm dissolution m% dissolution & mixing =
50.0 days 33.9%

a) initial salt cake level (average of 262. & 277”) =
269.50 iUCh

b) inhibited water batch= N80% of 10 Kg&l hnk =
8000 gallonstibited water pumptig to TK 37 (80 tO 120 wm) =

100 gpmuet pumping time of one batch IW to TK 37 = IWp =

number of IW batches ~r 12 ~.sbifi = 1.3 bIs
1 batch pr shiftnum~r of lW batches ~r &y .
2 batchesper daytotal time of 1 batcb IW addition to TK 37 = IWt =

12 brstOtal IW time needed/net pumptig time = IW~Wp =
9

c) SaIt dissolution ra~ =

d) jet transfer iate from TK 37 to TK 30 or TK 26 =

(60 tO 100 gpm)

7.4 gpm

m gpm

50C Heated IW: Step Hours.,.,., ,,- -- 1 ,,. ,
2 Flygt Mixers with $

Decant,, ,,,, salt cake water salt.::’~=gx: + di~~o,v, ,UU, ,iy u. crysm,,u~ tohl brhib’Water
existig 0.0

dissolved s“p~~k saIt cakedepth (in) 293.53 57.66
content Dissolution

24.03 81.69
0.0

269.50gallons 1030278 202399
351.0 ExtraMixing

84333
0.0

286732 945945 1232010 Jet Transfer% 83.6% 16.4% 6.8%
77.7

23.3 %
net hours 76,8%

0.0
100.0% Sampl&Prep.

0.0 77.7 trausfer
240.0

batch tohl (&y,) 13.2

k

H
~ntent Dissolution 131:g

1.17 298.8 Extra% 168.0
985 1048905 Jet Tr~fer 55.3

+

*ntent Dissolution 131,g
.50 284.2 ExbM~ 168.0---

997425 Jet Trw fer 55.3
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Batch #4 Stafthlg water
step Hours

$!**:k**.f$lix saIt tetal$+:>~y:%>;:;/,
f- %.....:::;.;; level

Crystatiti totrd
added

Mb’ Water
dissolved s*~~te

210.6

depth (iII)
sa[t mk~

227.5o 40.0
Wnbnt Dssolutiorr

16.67 58.67
131.s

210.83gallons 798525 1404m
269.5 ExtraMixiug

58500 205920 74002s
168.0

% 84.4% 945945 Jet Tramjfer
14.8% 6.2% 21.8%

55.3

net hmIrS 78.2% 100.0 % Sampl&Prep.
210.6 131.8

240.0
55.3 transfer batch tofal (&yS) 33.6

fCase 13) Three FIVgt Mixers with 50 CHeatd Ifiibitd Water

Ta* hvel at the End Of fJatch 4 =
210.8 + 2= 212.8 “ TK Lv1

Salt Cake ~vel R~uc~ =
269.5 -210.8 = 58.7 “ TK Lv]

TO~l Inhibited Water u~~= 561600 gallons = 160.0 “ TK LVI

disscdution with tixer (a) = 527.0 ks =
extra rnitig (b)

672.0 &s
total mixer nmning time (a+b) =

22.0 days

28.0 &ys

I 50.0 days

inhibitd water additiOn = 842.4 bS = 35.1 days

jet transfer time = 298.7 brs = 12.4 &yS

&st sample & preparatiOa= 1200.0 hrs = .50.0 days

total time =
3540. I &s= 147.5 days

or 4.8 months I
A~r tie exis~g supmnste trmfer to TK 30 nnd tie above four batch trarmfer to TK 26,

. .
T~ 37 saIt leve[ of 212.8 inch wilJ p~s the project smpe. ti level of 227 inches.

.
Batch fi is shown blow even though it is not r~tid to meet the originsl project scope level
of 227 inch=. The Ta& 37 level after Batch 5 will be

198.’2 iaches if Batch 5 is pr-sed.

-,,,::, Sxfig Water
step

salt Hours
?y.wtyf+jtj~x; level

total crysteJlir,ed total ~b’ Wnbr
added dissolved Supemb

210.6
depth (i) salt cake

212.83 ~ntent Dissolutirm
40.0 16.67 58.67

131.8

gallons 747045
196.17

140400
254.8 EXtrMig

5850i3
168.0

205920
% 688545

83.5% 894465 Jet Trmfer
15.7% 6.5% 23,0%

55.3

net how 77,0% 100.0%Saql&Prep. 240.0
210.6 131.8 55;3 trmrsfer batoh teti (&y6) 33.6
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TANK 37H DISSOLUTION CYCLE NALYSIS
(~Se 14)~o F1ygtMixcmwith’15CHeatedInhibitedwater

Watirta saltdissolutionratio= 2.4 to 1 %tohltime
2 F1ygtMixers with 75c Heated IW: 4.7 months total 100%

8.6 gpm dissolution rate; dissolution& mixing = 46.9 &yS 32.47%

a) initial salt cake level (average of 262” &.277-) = 269,50 tiCh

b) inhibited water batch= -80% of 10 KgaI tank= 8m gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = lW gpm
net pumping time of one batch IW to TK 37 =.IWp = 1.3 brs
number of IW batches per 12 hr–shift = 1 batch per shift
number of IW batches per day = 2 batches ~r day
total time of 1 batch [W addition to TK 37 = IWt = 12 brs
total [W time ncededlnet pumping time= IWVIWp = 9

c) salt dissolution rate = 8.6 gpm

d) jet transfer rate from TK 37 to TK 30 or TK 26 = @ gpm
(60 to 100 gpm)

2 Flygt Mixers witi 75C Heated IW: Step Hours
Decant— ,. salt cake water salt total Iiq or c~stallized total Mb’ Water 0.0,z%:g#p4E2

‘:: + dissolv. existing dissolved su~mate salt cake content DlssoIution
-’i)

0.0
293.53 57.66 24.03 81.69 269.50 351.0 ExtraMitig 0.0

gallom 103~278 202399 84333 286732 945945 1232010 Jet Transfer 77.7
% 83.6% 16.4% 6.8% 23.3% 76.8% 100.0% Sampl&Prep, 240.0

net hours .0.0 0.0 77.7 trmfer batch total (&ys) 13.2

Batch #1 Star’tillg water salt total
~.’...~,.i~t=;~,=;~,

crystalIiied tOtaI Inbib;Water 210.6
level added dissolved Supemate

depth (ii)
salt Mke content Dissolution 113.4

271.50 40.0 16.67 58.67 2S4.83 313.5 ExtraMixing 168.0
gallom 952965 140400 585W 205920 894465 1100385 Jet Transfer 55.3

% 86.6% 12.8% 5.3% 18.7% 81.3% 100.0% Sampl&Prep. 2A0.O
net hours 210.6 113.4 55.3 tranafer batch total (&y6) 32.8

- SW water salt
f+N:*.~*;f,fi$,*/*:: tetal crystallized tetal
:+;*J<..**;,W*+

Inhib’Water 210.6
~ level addd dissolved Supemak
depth (ii)

salt mke tintent Dissolution 113.4
256.83 40.0 16.67 58.67 240:17 298.8 BktmMixing 168.0

gallons 901485 1404m 58500 205920 842985 1048905JetTr~ fer 55.3
% 85.9% 13.4% 5.6% 19.6% 80.4% 100.0%Sampl&Prep. 240.0

net hours 210.6 113.4 55.3 tran6fer batchtetal(&Y6) 32.8

Batch W — starting water salt totnl clystaIliied total Inhib’Water 210.6
level added dissolved Supmate salt mke Wntent Dissolution 113.4

depth (in) 242.17 40.0 16.67 58.67 22s.50 284.2 ExtiaMixing 168.0
gaIlOrls g5m5 140400 585CiI 205920 791505 99742s Jet Transfer

%
55.3

g5.2% 14.1 % 5.9% 20.6% 79.4% 100.0% Sampl&Pcep4 ‘240.0
net hours 210.6 113.4 55.3 tmnafer batchtotal (&yS) 32.8
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step Hom
Batch #4 starting wakr saIt tow Crystauizcd tOteI Infdb’Water 210.6

w$#/##$;#j, level added dissolvd 6upmMte salt cake
depth (ii)

wntent Dissolution 113.4

227.50 40.0 16.67 58.67 210.83 269.5 ExhnMixing 168.0
gallons 7985Z 140400 58500 205920 74002s 945945 Jet Trafer 55.3

% 84.4% 14.8% 6.2% 21.8% 78.2% 100.0% Sampl&Prep. 240.0
net hours 210.6 113.4 55.3 transfer batch total (days) 32,8

(Case 14) Two FIVgt Mixers with 75C Heated Itilbited Water

TRALevelat theEndofBatch4 = 210.8 +2= 212.8 “TKLvl

SaltCnkeLevelReduced= 269.5 -210.8 = 58.7 ‘ TKLvl

Total Inhibited Water Used= 561~ gallonx = 160.0 “ TK LvI

dissolution with mixer (a) = 453.5 brs = 18.9 &yS
extra mixing @) 672.0 brs 28.0 &yS
total mixer running time (a+b) = 46:9 &yS

inhibited water addition = 842.4 bIS = 35. I days

jet tramfer time = 298.7 bra = 12.4 &yS

teat sample & preparation= Im.o hrs = 50.0 days

total time = 3466.6 hra = 144.4 &ys
or 4.7 months I

After the exiatbrg supc~~ ~~fer tOTK 30 md tie ~~v~ fOmba~h ~~fer m TK 26,
Tti 37 aaIt level of 212.8 inch wilf paaa the proje.otswpe tank level of 227 iaches.

Batch #5 is shown blow even though it ia not reqtied to meet the orighl PrOjWtamp Ievel ~
Of227 inches. The T@ 37 Ie”oI afir Ba~h 5 WfiI& 198.2 inches if Batch 5 ia processed. *

step HOIU6
Batch H Statig wakr saIt tO@l Crystrdliid totaI Itdrib’Wrder 210.6

level added dissolved Suprnate salt cuke. content Dissolution
depth (ii)

113.4
212.83 40.0 16.67 58.67 196.17 2S4.8 ExtraMixing 168.0

gallonx 747045 1404W 585W 205920 688545 894465 let Trwfer 55.3

% 83.5% 15.7% 6.5% 23.0% 77.0% 100.0% Smnpl&Prep. 240.0
net hours 210.6 113.4 55.3 trnnsfer batoh @taf (&ys) 32.8
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TANK 37H DISSOLUTION CYCLE ~ALYSIS
(~sc 15)OneSlurxyPumpwith75c H-M Inhibited.water

watertosaltdi,ssOI”tionratio= 2.4 to 1 %tOtnltime
1Slurry~mp with75CHeatedIW: 4.7 months total 100%

9.3 gpm dissolution ratq dissolution & mixing = 45.5 days 31.80%
a) initial salt cake level (average of 262” &’277”) =

269.50 iIICh
b) inhibited water batch = m80% of 10 Kga[ tank=

8000 gallons
fibited water pumping to TK 37 (80 to 120gpm) = 100 gpm
net pumpkg time of one batch IW to TK 37 = lWp =

1.3 hs
number of IW batches per 12 hr-shift =

.1 batch Fr shift
number of IW batches per &y =

2 batches per day
total time of 1 batch IW addhion to TK 37 = IWt =

12 hrs
total IW time needed/net pumping time = IWt/IWp =

9

c) salt dissolution rate =
9.3 gpm

d) jet transfer rate from TK 37 to TK 30 or TK 26 =

(~ ~ 100 gpm)

1 Slurry Yump with 75C Heated IW
r step

Decant
Hours

salt cake water salt total Iiq or crystallized~:gmj::: * di~~o,v, total Wb’ Water 0.0
exisdng dissolved Supemati

depth (i)
salt cake content Dissolution

293.53 57.66
0,0

24.03 81.69 269.50
gallons

351.0 ExtraMixing 0.0
1030278 202399 84333 286732 945945 1232010 Jet Trwfer

% 83.6% 16.4%
77.7

6.8% 23.3% 76.8% 100.0% Sampl&Prep. 240.0
net hours 0.0 0.0 77.7 tmnafer batch total (&yS) 13.2

Batch #1 starting water salt total
Ievel

crystal.lized total Inhib’Watar 210.6
added ~ssolved gupem~

W ‘
saIt mke content Dissolution

271.50 ‘ — ‘ — —40.0
104.8

16<67 58.67 2S4.83 313.5 Ex@ah.ftig 168.0gallona 952965 140400 585W 205920 894465 1100385 Jet Tranafer
% g6.6% 12.8%

55.3
5.3 % 18.7 % 81.3% 100.0% S@I&Prep. 240.0net hours 210.6 lo4.g 55.3 *fer batch totaf (days) 32.4

Batch #2 starting water salt total
%<::i::i::,.:fj,;<}}::>2i{;;~

Crysw”
~ Ievel

total Inbib’Wa@r 210.6
added dissolvd Supenmb salt cake cantent Dissolution

depth cm) 256.83 40.0
104.8

16.67 58.67 240.17 298.8 E%wi 168.0gauona 901485 lW 58500 205920 842985 1~8905 Jet Tr~ fer
% 85.9 % 13.4%

55.3
5.6% 19,6% 80.4% 100.0% Sampl&Prep. 240.0

net hours 210.6 104.8 55.3 tr~fer batch tohl (days) 32.4

Batch #’3 starting water salt total crysmlIiied
level

total Mb’ Water 210.6
added dissolvd Superlmte saIt Wke Wntent Dissolution 104.8depth (in) 242.17 40.0 16.67 58.67 2%.50

gauorls 85~5
284.2 ExtraM@

140400
168.0

%
58500 205920 791505

~5.2%
997425 Jet Trtifer

14,1%
55.3

5.9 % 20.6% 79.4% 100.0% Sampl&Pcep. 240.0
net hours 210.6 104.8 55.3 tif~~ batoh total (&yS) .32.4
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Water
Stsp Hmus

saIt total Clystaw ~~ Jnhib’Water
addd 210.6

dEsOlvd S“pmm
depth (i)

salt Csh ~~~n~ Dk~oIution
227.S0 ‘ 40,0 — — — 104.8

16.67 58.67 210.83 —gauonr 798525 140400
269.5 ExtraMtig

.58500 205920
168.0

% 84.4%
74W25

14.8%
945945 Jet Tr~fer

6.2% 21.8%
55.3

78.2% 100.0% Sanrpl&Prep.net hours 210.6 104.8
240.0

55.3 trmsfer batch total (&y6) 32.4

{Case 15) One Slurw Pumo with 75 CHeatd Inhibitd Water

Tti bvel at the End of Batch 4 =

Salt Cake bvel R~uc~ =

‘fotaI fnhibited Water u~~.

diSSOlutiOuwith pump (a) =

extra pump run tifig ~).
total pump u mixing time (a+b) =

inhibitd water addition =

jet transfer time -

tit s~ple & preparation=

210.8 +2= 212.8 “ TK Lvl

“269.5 -210.8 = 58.7 “ TK Lvl

561600 gallom = 160.0 “ TK LvI

419.4 brs =

672.0 Irrs
17.5 &ys

28.0 &yS

45.5 days 1

8.42.4 bS = 35. I days

298.7 bS = 12.4 &yS

1200.0 brs = 50.0 days

tetsI time.
3432.5 hS = 143.0 days

or 4.7 months I
Atir tie efisting supemate transfer te TK 30 and the rdmve four batch trsncfer to TK 26,
Tti 37 salt level of 212.8 iach will pass the project sww tank Ievel of 227 hchm.

Batch #’5is shown below even though it is not r~tid to meet the orig~l project Kwpc level ‘,

Of Z7 inches. The Tti 37 level after Batch 5 wiu be
198.2 inches if Batch 5 is pr~ssed.

u Stsrting Wakr Ssft.
step Hoors

$~g~g$=~ levol
btaI Crystaw tclti Jrrbib’Water..::.,:. ..... ..+~$~.i~ added dissolved Supemk

210.6

depth ~m) Srdt cake
212.83

Wntent Diss~lutiOn
40.0 16.67 58.67

104.8
196.17gallons 747045 140400

2S4.8 EXtrMiXiIIg
585M

168.0

%
205920 688545

83.5% 894465 Jet Tr~fer
15.7% 6.5%

55.3

net hom
23.0% 77.0% 100.0% Sampl&Prep, 240.0

210.6 104.8 55.3 trmlsfer batch tnti (&ys) 32.4
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TANK 37H DISSOLUTION CYCLE ANALYSIS
(Gsc lo ThreeFlygtMiierswith75CHeatedInhibited Water

WatCr to salt dissolution ratio = 2.4 to 1 % total time
3 Flygt Mixers with 75c Hcatd fw: 4.6 months total 100%

10.6 gpm dissolution rate; dissolution& mixing = 43.3 days 30.8%
a) initial salt cake level (average of 262” &“277”) =

269.50 tiCh
b) inhibited water batch = -80% of IO Kga[ rank=

8~ gallons
inhibited water pumping to TK 37 (80 to 120 gpm) =

100 gpm
net pumping time of one batcb ~ to TK 37 = IWp =

1.3 brs
number of IW batchesper 12br-shift =

1 batch per shift
number of IW batches ~r day =

2 batches per &y
total time of I batch IW addition to TK 37 = IWt =

12 brs
total IW time needed/net pumping time = IwUIWp =

9

C) salt dissolution rate = .,
10.6 gpm

d) jet transfer rate from TK 37 to TK 30 or TK 26 =

(60 to 100 gpm)
60 gpm

3 Flygt Mixers with 7SC Hated IW: step
Decant

Hours
- ,,, salt cake water salt total Iiq or c~staIli2d;:::gfiff~~~, + ~i~~o,v, totxl Mb’ Water 0.0

etisting dissolved Supemte salt cake
depth (in)

content Dissolution
293.53 57.66

0.0
24.03 81.69 269.50 351.0 ExtraMixing 0.0

gal10n5 lo3027g 202399 g4333 2g6732 945945 1232010 Jet Transfer
% g3.6%

77.7
16.4% 6.g% 23.3% 76. g% 100.0% Sampl&Prep, 240.0

net hours 0.0 0.0 77.7 tiansfer batch total (days) 13.2

Batch #1 Staliing water salt total crystallized
$g$:$::$;;$:~g~~ level

tOtal Mb’ Water 210.6
added dissolved Supemk salt cake

depth (ii)
wntent Dissolution

271.50 40.0
92.0

16.67 58.67 2s4.g3 313.5 ExtraMixing
gallom 952965 140400

168.0
585W 205920 894465 11W385 Jet Transfer

% 86.6.% 12.8%
55.3

5.3 % 18.7% 81.3 % lm.o% smnpl&Prep. 240.0
net horrrs 210.6. 92.0 55.3 *fer batch total (daya) 31..9

,<<<:WT abrting water salt tutal Cryshw~...,...,.. ..?>: , .,..& level
tutal Inhib’Water 210.6

>;.:,$.,,,:$$,>>.,:,y~:~ added dissolved Suprrlab salt Cflb
G)

wntent Dissaltimr 92,0
=6.83 @.Ll 16.67 58.67 240.17 298.8 ExtrWig 168.0gauons 901485 1404m 58500 205920 842985 104s905 Jet Trmrsfer

% 85.9% 13.4% 5.6%
55.3

19.6% 80.4% lm.o% Smnfrl&Prep, 240.0net hours 210.6 92.0 55.3 trmmfer batch tutal (&ya) 31.9

Batch #3 starting watet- salt total
level

Crystilliied tutal Jnbib’Water 210.6
added dissolved Supemb

depth (i)
6rdt cake

242.17 40.0
mntent DEsOhrtion 92.0

16.67 58.67 225.50 284.2 ExtinM~ 168,0
gauons 850005 1404m 58500 m5920

%
791505

85.2%
9974Z Jet Trarmfer

14.1 %
55.3

5.9% 20.6% 79.4% 100.0%sampl&Prep. 240.0net hours 210.6 :, 92.o 55.3 ~fer batch @tal (daya) 31.9X
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Stap Hours
Batch #4 Ststig watsr salt totsl Ctystsllized.. ... .....<.:.,,, total rnhib’Water 210.6

%<:,<$:+2*+<~>,~,**, leveI added dissolvd Supmatc salt cake
depth (i)

mntent Dissolution 92.0

227.50 40.0 16.67 58.67 210.83 269.5 ExtraMixing 168.0
gallons 798525 14041XI 58500 205920 740025 945945 Jet Transfer

7.
55.3

84.4% 14.8% 6.2% 21.8% 78.2% 100.0% Sampl&Prep. 240.0

net hours 210.6 92.0 55.3 transfer batch total (&yS) 31.9

fCase 16) Three Flygt Mixers with 75C Heated Inhibited Water

Tank hvel at the End of Batch 4 = 210.8 + 2 = 212.8 “ TK Lvl

Salt Cake Level Reduced = 269.5 -210.8 = 58.7 “ TK Lvl

Totsl Inhibited Water Used= 561~ gallons = 160.0 “ TK LvI

dissolution with mixer (a) = 367.9 bIS =
extra mixing (b) 672.0 hS
total mixer -g time (a+b) =

inbibitd water addition = 842.4 hrs =

15.3 days

28.0 &ys

43.3 days

35.1 days

jet tramfer time = 298.7 k.r = 12.4 &yS

test sample & preparation= 12W.O brs = 50.0 &ys

totsl time = 3381.0 bS = 140.9 dsys
or 4.6 months

After the existing supemate tmn.rfer to TK 30 snd the above four batch tmnafer to TK 26,

Tank 37 salt level of 212.8 inch will pass the project scow tsnk level of 227 inche$.

Batch #5 is shown &low even though it is not requirsd to mwt the originsl projwt swp Ievel
Of227 inches. me T~ 37 leveI ~fir Batch 5 ~ill ~ 198.2 inches if Batsh 5 is pr~sed.

step Hom
Batch H Sbrtiag water salt total

‘f$:>:.~:,!.j:.,.,.,.,.,...,.:,:.,,..,;,.,,.
Ctystslked tnti Inhib’Water,-$

level
210.6

added dissolved Supemate
depth (i)

snIt cake. Wntent Dissolution 92.0
212.83 40.0 16.67 58.67 196.17 254.8 ExtraMixing 168.0

gallons 747045 14MO0 58500 205920 688545 894465 Jet Transfer
%

55.3
83.5% 15.7% 6.5% 23.0% 77.0% lm.o% Sampl&Prep. 240.0

net hours 210.6 92.0 55.3 tmnafer batch titsl (dsys) 31.9
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Appendix 3
Heat Transfer Calculations

End IW Addition Peak Temp. End Dissolution End Mixing
Water Batch 1 Batch 1 Batch 1 Batch 1

Method of Dissolution Temp. ~C) Batch 4 Batch 4 Batch 4 Batch 4

1. No Agitation 25 36,0 37.0 33.6 34.3
29.7 29,9 27,6 27.9

2. MDG 25 36.0 37.0 33.4 33.6
29.1 29.1 26.5 27.0-

3. MDG 50 38.0 38.0 35.0 35.0
34.0 34.0 30.6 30.8

4, MDG 75 40.1 40.1 37.3 37.0
39.9 40.0 36.6 36,2

5. One Flygt Mixer 25 36.0 37.0 35.6 35.9
29,8 30.0 27.5 27.7

6. Two Flygt Mixers 25 36.5 37.0 33.7 34.0
30.0 30.2 27.6 28,2

7. One Flygt M]xer 50 38.0 38.0 35.5 35.7
35,4 35.4 32.5 32.7

8. One Slurry Pump 25 36.0 38.6 36,1 38.6
37.9 40.6 37.8 40.6

9. Three Flygt Mixers 25 36.0 37.0 33.8 34.3
30,4 30.7 28,1 28.8

10, One Flygt mixer 75 40.0 40.0 37.5 37.5
40.8 40.8 37.7 37.7

11. Two Flygt Mixers 50 38.1 38.1 35.6 35.9
35.6 35,6 32.8 33.2

12. One Slurry Pump 50 38.0 39.7 37.3 39.7
42.2 43.7 41.1 43.7

13, Three Flygt Mixers 50 38.1 38.1 35.8 36.2
36.2 36.2 33.5 34.0

14. Two Flygt Miners 75 40.2 40.2 37.5 37.7
41.3 41.3 38.1 38.3

15. One Sl~ PurIIp 75 40.1 41.2 38.9 41.2
47.3 47.3 45.6 47.9

16. Three Flygt Mixers 75 40.2 40.2 37,8 38.2
42.2 42.2 39.3 39,6
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DccRnt

Before Batch Dissolution Prccsss~ of Tenk 37
(Salt Solution [O be ~rarrsferrd to TIC 26 htcr)

40

39

38

37 -

36 4i44-n r+m+ ~ ~ ~

35

34

33

32

31 8,11- lmoz7: 20?299 ;(s33 mml 945945 I 123qlo Jti T=(.C
% 83.6% [6.4% 6.:% 23.3%

n.7

30
76.6 %1 ICo.o%timpl&Prv. r40.o0.( hw’ 0.0 0,0 77.7 wf,r I bau w (tiy’) 13.2

29

28 —–

27 — ._ _

26

25
0 2 4 6 8 Lo 12 14

.
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: No Agitation with .25C IW (Batch 1-2)
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Case I: Molecular Diffusion - 25c [W
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Case 1: NO ~itation Whh 25C W (Ba@h 3-4)
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29.6 Batch 4- (Individual) & Cu~uls,tive Time

[nhi~ Water (8.8)
29.4

8.8 days

%

Dissolution (22.2) 31.0 &ys

29.2 \ C0ntin8ency ~) 38.0 tiys
Id Transfer (2.3)

“29
40.3 &ys

x%

Sample & Prep. (10) 50.3 days

2a..s

2a.6

2a.4

2a.2

2a

27a

27.6

27.4

27.2
0 20 40 60

Time (Days)

o Suprnmtc + sfllt

.

69



WSRC.TR.ZDO 1-W277. Rev

Case 2: Mcdified Density Gradient (Batch 1-2)
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Case 2: M~ifia Density Gradient (Batch 3-4)
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Case 3: Modified Density Grarlient-50C [W (Bach 1-2)

38.5
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Case 3: MdIfid Density Gradient-50c IW (Bach 3-4)
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Case 4: Mdlfid Density Gradient-75C IW (Batch I-2)
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Csse 4: MDditied Density Gqdient-75C IW (Ba@h 3-4)
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Case 5: One Flygt Mixer with 25C IW (Batch 1-2)
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Case 5: One Flygt Mixer with 25C IW (BATCH 3-4)
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av.s
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Caze 6: Two Flygt Mixers with 25C ~ (Batch 3-4)
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Case 7: one ~lygt Mixer with 50C [W (Batch 1-’2)
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Case 7: One FIygt Mixer with 50C ~ (Batih 34)
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Case 8: One Slurry Pump with 25C IW (Batch I-2)
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35.5

35
0 10 20 30 40

Tmc (Days)

0 Sup=r”.ti , salt

+0

39.5

39

38.5

38

a7.5

a7

a6.5

a6

.

82



wsRcuTR-2001-mz77.Rev.o

Case 8: One slurry Pump with 25C IW (Batch 3-4)
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Case 9: Three F1ygt Mixers with 25C IW (Bawh 1-2)

Ttic (Day,)
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35
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WbqWati (8.8) 8.8 &ys

34 Dissolution (7.8) 16.6 &y,
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Case 9: Thr& Flygt Mixers with 25C IW (Ba,tih 3-4)
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Case 10; One Flygt Mixer with 7SC IW (Batch 1-2)
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Case. 10 One Flygt Mixer with 75C IW (Batch 3-4)
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Case 11: ,Two PIygt Mixers with 5CICIW (Ba@h 1-2)
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36.5

33.5
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Case 1I TWO Flygt Mixers witi, 50C IW (Batch. 3-4)
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0 Supern.ti + salt

.

89



WSRC-TR-ZOO I -oQz77, Rev o

40
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Case 12: One Slurry pumps with 50C [W (Batch 1-2)
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Case 12 One Slurry Pumps with 50C N (Batch 3-4)

~ 425

I

Dissolution (S.7)” 14.5 day,
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Csse 13: Three Flygt Mixers with 50C IW (Batch 1-2)
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Case 13 Thrm Flygt Mixers with 50C W (Batch 3-4)

1 ! I I 1.

a7
a6.s
36.6

a6.4

36.2

36

35.8

35.6

35.4

35.2

35

.34..3

34.6

34.4

34.2

34

33.8

33.6

33.4
0 10 20 30

Ttic (Day.)

0 Supern.tc + salt

I I I I
I

36.5

36

35.5

35

a4.5

a4

aa.5

aa

az5
0 Lo. % ao

& ~)

a -h + Sdt

.

93



WSRC-TR-200 I-W277. Rev. O

Case 14: TWO Flygt Mixers with 75C IW (Batch 1-2)
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Case 14 Two Flygt Mixers with 75C W (Batch 3-4)
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Case 15: One Slurry Pump with 75C ~ (Batch 34)
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Case 16 Three. Piygt M~er6 with 75C W @awh 1-2) “
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Case 16: Three Flygt Mixers with 75C tW (Ba@h3-4).
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